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Description 

as useful as luminescing materials in the preparation of l,ght-em.tt.ng diodes >. These poiy ^ h 

Kovacic procedure wherein the appropriate f.uorene monomers ^^^^^^JJi,. , n a. ater article, 

oxidizingmetalsaltssu^ 

Fukuda discloses that the procedure used resulted in significant CT ^"™"?* * 2465-2471 (1993). 

.ymerization.SeeFukudae«al.,Jo^^ 

Brownetal..JoumalofPo^^ particular , « significant 

of substantial chemical defects under the reaction condrtions of ^^^^^ and the coup.ing 
number of polynuc.ear structures result. In a "*°"^^ In addition, it is possible 

of fluorenes through other positions, such as the ^-J^^^^S^ mo lecules to a given f.uorene 
that branching may occur as a result of attachment £ more ^ ^^^^ pr0C ess. The presence 
molecule, thereby creating Afunctional materials ^^«Ia2 ooWmers with low degrees of polymerization, 
of such by-products can resu.t in low mo f u ^ Such problems result 

Further, such materials demonstrate a high P^^^« SSSSSSi films may demonstrate unac- 
in poor film formation properties and poor properties any ^prepared in tn fe ^ 

ceptable mechanical properties and low in the 9-position. .n one 

[0003] In one aspect, the invention relates to "^el 2,7-clihatonuorenes na g , ie , jes and 

Lmbooiment, the fluorene is substituted at the 9-pos.t,on by ^ 

C, 20 hydrocarbyl moieties which contain one or more heteraatoms i * ™ £ • • ure containing one 
bodfment, the f.uorene is substituted at the 9-posrtjor , by ^^^^^^e m oiety which may 
or more heteroatoms selected from S, N and 0 ^ h * d ^ 
befurthersubstituted.lntheembod.mentw^^^^ 

compounds, as well as certain «^'^ Substituted fluorene po.ymers which are terminated at the 

Sa.2^ 

structures or bonding through positions other than the 2-and 7 d ^ e| affect ^ h e properties of the 2,7-aryl- 

and 9-substituted fluorene o .gomers and polymers^The^ » preferab , y bejng 
stituted fluorenes with a haloaromat.c compound or hataa omafic ^compo , trialk yisiloxy moiety, in the 
further substituted with a reacfive , w capable ^^^SS^mnoM of zinc powder and a tnhydro- 
presence of a catalytic amount of a divalent nick el s alt at .e >asi hydrocarbon or ether, under 
carbylphosphine in a polar solvent and an optional '^^^^ Suit- 
conditions such that a 2,7-aryl-9-subst.tuted fluorene or a 9 ^ b Jrtuteo jm g ^ ha|oaromatic 
ably, the divalent nickel salt is present ,n anamou* ^oHrom percent to 300 mole percent based 

[00091 lnanothe,embodi™nUh.inv e ™,o,i^ 
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applied composition to conditions such that a film is prepared. 

[0010] Further, the 2,7-aryl-9-substituted fluorenes or 9-substituted fluorene oligomers or polymers may be B-staged, 
partially crosslinked or chain extended, to prepare a composition which may be used to prepare coatings or films as 
described hereinbefore. 

5 [0011] The 2,7-aryl-9-substituted fluorenes or 9-substituted fluorene oligomers or polymers demonstrate fluores- 
cence, high glass transition temperatures or liquid-crystalline properties and facilitate the preparation of films which 
have high heat resistance and solvent resistance. The 9-substituted fluorene oligomers and polymers demonstrate 
low polydispersities. Polymers based on 2,7-aryl-9-substituted fluorenes and 9-substituted fluorene oligomers and 
polymers which have high molecular weights can be prepared if desired. The 2,7-aryl-9-substituted fluorenes or 9-sub- 

10 stituted fluorene oligomers or polymers may be used to prepare films or coatings which may be used in polymeric light- 
emitting diodes, preferably as the emitting layer. Additionally, such films or coatings may be used as protective layers 
in electronic devices or as fluorescent coatings in a wide variety of uses. 

[001 2] The 2,7-dihalo-9-disubst ituted fluorenes are described by Formula I and the 2,7-dihalo-9-hydrocarby lidenylf lu- 
orenes are described by Formula II, 

'5 



20 




R 1 R 1 CHR 3 



25 wherein R 1 , R 2 , R 3 , X, and a are as defined below. 

[0013] In one preferred embodiment, the 2,7-dihalo-9-hydrocarbylidenylfluorene is a 2,7-dihalo-9-benzylidenylflu- 
orene which corresponds to Formula III, 



30 



35 




wherein R 2 , R 3 , R 4 , X, a and b are as defined below. 
[0014] The compounds of this invention are generally solid, crystalline materials. Generally, the compounds have a 
melting point in the range of 0°C to 300°C. 
45 [0015] Hydrocarbylidene, as used herein, shall mean a hydrocarbyl moiety bound by a double bond to the 9-position 
of the fluorene ring. 

[0016] In a preferred embodiment, the 2,7-aryl-9-substituted fluorenes and 9-substituted fluorene oligomers or pol- 
ymers correspond to Formula IV, 
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wh erelnE^R*,R3,X,a.mandnar^^ 
to end moieties'or other monomer units through the 2- ^J-carbon atoms • reactjve Qup capable 

[0 017] E is halogen, hydrogen or '^^^SffSS. 2 usee herein, a reactive group capabie of 
of undergoing chain extens.on or cross! nk.ng or a i tr.alky silox rgroup ^ another Qf ^ same 

undergoing chain extension or crossl.nk.ng refers to any group wh.cn ,s capao - jve is a 

group'or another group so as to form a .ink to ^.^^S^n^^ "adimide, trif.uorovinyl 
n y droxy.c y anato,glycid y lether,acrylatees te r >?^*£^^^^ substituted with a reactive group 
ether moiety or a benzocyclobutene mo.ety. ^J^^^'^m E is even more preferably aryl or aryl 
M'SS^^KSSSK ™Sn or Lss.i nking or a Uiaiky.siioxy. E is most 

^ryCeXa cyaUsubstituted phenyl or • "£3~£2^ containing one or more hete, 
m018] R 1 is independently in each occurrence C^o hydroca JJ. c i-ao n Y a ^J^y^^orbothof R^ together 
LJsse.ectedfromS.N,0,Pand^^^ Qne or more 

with the 9-carbon on the fluorene may form a C 5 20 r ng structu m or a 4 -20 » bstituted arvl> c h ydro- 

heteroatoms selected from S, N. and O. P ^lofetv In The embodiment wtere the two Ri form a ring structure with 

a c.j.,0 cycloalkyl or C 4 . 10 cycloalkyl conta.n.ng oxygen. hydrocarbyloxy, C 140 thioether, C 140 hy- 

r0019l R 2 is independently in each occurrence a C 140 hyd ocarbyl, C^o "V 0 "*^ » J'aikylthio or hydroxy. R 2 is 
roc!!by.oxycarbon P yl , C1 . 20 hydrocamylcarbony.^ 
preferablyC 1 , 2 a l kyl,C 6 , 0 arylora.kyl-subs^ 

amino, C 140 hydrocarbyloxy, C,. 20 hydroca*yl o ^^^JSSi one or more cycloaliphatic rings, C 6 . 20 aryl or 
chain aliphatic, a C 140 straight- or branched -cham a hphat* ■ co n a.n.ng one o y oca ^ alkyl) 

C 7 20 alkyl-substituted aryl moiety, optionally subst.tu e ^ « * Cl * ' a gjc containing one or more 

siJoxy or C, 20 hydrocarbyloxy moiety. H> . SSmino C 10 alkoxy, C 6 , 0 ary.oxy or alkyl- 

cycloaliphatic moieties, phenyl or phenyl^ ^S^^A^S,^ Eve " more " 

»»^52^i£3 ^pSA n + m > ,0. and further that m is 

End^n^ 

JSiT'x is halogen, preferably chlorine or bromine; but most preferably bromine, 
ymers correspond to Formula V, 
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wherein: 

E, R 1 ' R 2 , a, m and n are as defined hereinbefore; 

R 4 is independently in each occurrence di(C 1 . 2 o alkyl)amino, C^o hydrocarbyloxy, tri(C 1 . 10 alkyl)siloxy or C^o 
hydrocarbyl; and 

b is independently in each occurrence a number of from 0 to 3, preferably no greater than 2, and most preferably 
no greater than 1 . 

[0025] R 4 is preferably dKC^^ alkyl)amino, alkoxy, C 6 . 10 aryloxy or alkyl-substituted aryloxy, tri(C 1 ^ 4 alky!) 
siloxy, C^tq alkyl, or C 6 . 10 aryl or alkyl-substituted aryl. Even more preferably, R 4 is di(C 1 ^ alkyl)amino, C^q alkoxy 
or C^tq alkyl. In another embodiment, preferably C^. w alkyl, C 6 . 10 aryl or C 7 . 10 alkyl aryl and more preferably C V10 
alkyl. Preferably, b is 0 to 2, and most preferably b is 1 . 

[0026] In one preferred embodiment, the aryl moieties at the terminal 2- and 7- or 7-position (terminal position) have 
acrylate and methacrylate ester reactive groups preferably corresponding to Formula VI. 

O 
II 

— OCC(R5) = CHR6 (VI) 



wherein: i 
R 5 is hydrogen or C-,^ alkyl, preferably hydrogen or methyl, and 

R 6 is hydrogen, C^o hydrocarbyl or C^o hydrocarbyloxy, preferably hydrogen or C^o hydrocarbyl. 

[0027] More preferably, R 6 is hydrogen, C-|. 10 alkyl or C 6 . 10 aryl or alkyl-substituted aryl. Even more preferably, R 6 
is hydrogen, alkyl or phenyl. Most preferably, R 6 is hydrogen. 

[0028] In another preferred embodiment, ethenyl, and aryl moieties at the terminal position correspond to Formula VII, 

-C(R 7 )= C(R 7 )H ' (VII) 

wherein: 

R 7 is independently in each occurrence hydrogen, C^o hydrocarbyl or C^q hydrocarbyloxy. Preferably, R 7 is 
hydrogen, C^^ alkyl, C 6 . 10 aryl or alkyl-substituted aryl or C^o alkoxy. More preferably, R 7 is hydrogen, alkyl, 
phenyl or alkoxy. 

[0029] In one embodiment, the E is a benzocyclobutene moiety which preferably corresponds to Formula VIII, 



EP 0 842 208 B1 



10 



15 



20 



(R«) e (R 9 ). 
/ 

(VIII) 




MR 9 ). 

wherein: 



wnerem: 
e is 0 or 1 . 
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40 



45 



wherein E, R\ R 2 , a and m are as ^^^^^hyd^art^idenyllluorenes and 9-hydrocarbyli- 




50 

correspond to Formula XI, 



55 
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10 

wherein E, R 2 , R 4 , a, b and n are as described hereinbefore, and n is at least 1 . 
[0034] As used herein, 2,7-aryl-9-substituted fluorenes include compounds corresponding to Formulas IX, X or XI 
where m or n is 1. As used herein, 9-substituted fluorene oligomers and polymers correspond to Formulas IX, X or XI 
wherein m or n is greater than 1 and Formulas IV and V where both m and n are 1 or greater. 

is [0035] The fluorenes and fluorene oligomers or polymers of the invention demonstrate strong photoluminescence 
in dilute solutions or in the solid state. When such materials are exposed to a light of a wavelength of 300 to 700 
nanometers, the materials emit light of wavelengths in the region of 400 to 800 nanometers. More preferably, such 
materials absorb light of wavelengths of from 350 to 400 nanometers and emit light of wavelengths in the region of 
400 to 650 nanometers. The fluorenes and fluorene oligomers or polymers of the invention are readily soluble in com- 

20 mon organic solvents. They are processable into thin films or coatings by conventional techniques. Upon curing, such 
films demonstrate resistance to common organic solvents and high heat resistance. Generally, the fluorene oligomers 
and polymers are liquid crystalline in nature. The fluorenes and fluorene oligomers or polymers of the invention are 
capable of crosslinking to form solvent resistant, heat resistant films at 100°C or more, more preferably at 150°C or 
more. Preferably, such crosslinking occurs at 350°C or less, more preferably 300°C or less and most preferably 250°C 

25 or less. The fluorenes and fluorene oligomers or polymers of the invention are stable at 100°C or more and more 
preferably 1 50°C or more. Stable, as used herein, means that such monomers or oligomers do not undergo crosslinking 
or polymerization reactions at or below the stated temperatures. 

[0036] The fluorene oligomers or polymers of this invention preferably have a weight average molecular weight of 
1000 Daltons or greater, more preferably 5000 Daltons or greater, even more preferably 10,000 Daltons or greater, 

30 even more preferably 15,000 Daltons or greater and most preferably 20,000 Daltons or greater; preferably 1 ,000,000 
Daltons or less, more preferably 500,000 Daltons or less and most preferably 100,000 Daltons or less. Molecular 
weights are determined according to gel permeation chromatography using polystyrene standards. 
[0037] Preferably, the 9-substituted fluorene oligomers or polymers demonstrate a polydispersity (Mw/Mn) of 5 or 
less, more preferably 4 or less, even more preferably 3 or less, even more preferably 2.5 or less and most preferably 

35 2.0 or less. 

[0038] "Hydrocarbyl" as used herein shall mean any organic moiety containing only hydrogen and carbon unless 
specified otherwise, and may include aromatic, aliphatic, cycloaliphatic and moieties containing two or more of aliphatic, 
cycloaliphatic and aromatic moieties. 

[0039] The 2,7-dihalo-9,9-dihydrocarbyl-fluorenes may be prepared by reacting a 2,7-dihalofluorene with at least 2 
^0 moles of hydrocarbyl halide in the presence of a phase transfer catalyst and an alkali metal hydroxide. One embodiment 
of this process is described in Equation 1: 




R 1 R 1 

Equation 1 



wherein R 1 , R 2 , X and a are as previously defined, and M is an alkali metal and PTC is phase transfer catalyst. 
[0040] Preferred hydrocarbyl halides are C 3 . 12 alkyl halides and C 6 . 10 aryl or alkaryl halides. More preferable are 
55 the C 3 . 12 alkyl halides. 

[0041] The hydrocarbyl halide is contacted with the 2,7-dihalofluorene in a mole ratio such that a high yield of 2,7-di- 
halo-9,9-dihydrocarbylfluorene is prepared. Preferably, the mole ratio of hydrocarbyl halide to 2,7-dihalofluorene is 2: 
1 or greater, more preferably 2.2:1 or greater and even more preferably 3:1 or greater. Preferably, the mole ratio of 
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hydroxy, halideto^^^ 
[0042] The process is performed^ 

efficient reaction of the hydrocarbyl hal.de or hydroca*yl *™J^ ^ more pre ferably 3 equivalents or greater 
or greater of alkali metal hydroxide .s used ,n re at.on to 27-d h» 

of alkali metal hydroxide. P- terab, y^ le'ss. Preferred alkali metal hy- 

are used, more preferably ^^Sl so l m hydroxide being most preferred, 
droxides useful are sodium hydroxide and potass.um hydro* de^wun s y ^ ^ Xq 

[0043] This process is an interf acia. P r ° ces */^ cai to facilitate the reaction of the 

those skilled in the art may be used A sufficient amount oi such P^ ase ran J efficient manner is US ed. Pref- 

hydrocarbyl halide or hydrocarbyl d.hal.de w.th ^^^^1^^ phosphonium salts, polyethylene gly- 
eL.e phase transfer catalysts include quate^ salts . Examples 0 f 

cols and crown ethers. More preferred include benzyltrimethylammonium chloride, 

preferred quaternary ammonium salts us e f u V^J^JTSSSTS phase transfer catalysts preferab.y are used 

20 [0045] This process is described in Equation 2: 



10 



15 




35 



40 



45 



55 



wherein: 

R2, x and a are as previously defined; 

... ■ :. m /\iAhr- at 



til?Z a ^"^» *~" r ,V S ^n°d C ra,9ht " ° f branChed " Ch8in a ' iPhatiC 

divalent mofety containing one or more heteroatoms selected from S, N and O. 

[0 046] Preferred hydrocarbyl diha.ides are C 4 . 20 straight- 

Lncled-chain aliphatic dihalides ^^'^S^ning one or more of S or O. Even 
hydrocarbyl dihalides are C 4 . 10 aliphat.c diha.ide " ^ T alky , ether dihalides (C 3 . 10 alky, dihalides 

more preferred hydrocarbyl dihalides are C* 10 alkyl d, ^^^ v ^ 0 ^ oi y ety or a c 3 . 10 aliphatic divalent moiety 
containing an o^Rii,^ 

SoLri^ 
so Preferably, the aldehyde corresponds to the formula 



O 

y 

R 3 -CH 



wherein H- is as defined previously. In a more preferred embodiment, the hydrocarbyl moiety is a phenyl, a 
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substituted phenyl, a C 3 . 10 aliphatic moiety or a C 5 . 10 cycloaliphatic moiety and the aldehyde is benzaldehyde, substi- 
tuted benzaldehyde, C 3 . 10 aliphatic aldehyde or C 5 _ 10 cycloaliphatic aldehyde. This reaction is illustrated by Equation 3: 



10 



15 



20 




Base 



(R 2 )a 



(R 2 )a 




CHR 3 



Equation 3 



25 



30 



35 



40 



45 



50 



55 



wherein X, R 2 , R 3 and a are as previously defined. 
[0048] The 2,7-dihalofluorene is reacted with a sufficient amount of hydrocarbylaldehyde to prepare the hydrocarb- 
ylidene-substituted 2,7-dihalofluorenes in high yield. Preferably, the mole ratio of hydrocarbylaldehyde to 2,7-dihaloflu- 
orene is 1 .0 or greater, more preferably 1 .5 or greater and even more preferably 2 or greater. Preferably, the mole ratio 
of hydrocarbylaldehyde to 2,7-dihalofluorene is 6 or less, more preferably 3 or less and most preferably 2 or less. 
[0049] The 2,7-dihalo-9,9-bis-C 4 _ 16 hydrocarbyl carbonyloxy- substituted 2,7-dihalofluorenes may be prepared by 
base catalyzed addition of 2,7-dihalofluorene to alkyl acrylates and alkyl methacrylates as described in US-A-3,641 ,115. 
[0050] The 2,7-dihalo C 6 . 16 aryl(trialkylsiloxy)-substituted f luorenes may be prepared by the following process. 2,7-di- 
halofluorenone is reacted with phenol in a mixture of methanesulfonic acid and 3-mercaptopropionic acid to provide 
2,7-dihalo-9,9-bis-(4-hydroxyphenyl)fluorene which is then treated with a trialkylsilyl chloride in the presence of a base 
to yield the 2,7-dihalo-9,9-bis(4-trialkylsiloxyphenyl) fluorene. 2,7-Dihalofluorenone can be prepared by the oxidation 
of 2,7-dihalofluorene with oxygen in the presence of a base, such as potassium t-butoxide, in t-butyl alcohol. The 
conditions for this process are disclosed in Yang, "Novel Carbon Catalysts: Oxidation in Basis Solution," J. Organic 
Chemistry, Vol. 58, p. 3754 (1958). Alternatively, 2,7-dihalofluorene can be oxidized to 2,7-dihalofluorenone by con- 
tacting it with chromium oxide (Cr0 3 ) in acetic acid according to the process disclosed in Hodgkinson et al., J. Chem. 
Soc., Vol. 43, pp. 163-172 (1983). The 2,7-dihalofluorenone is contacted with 3 to 10 equivalents of phenol in the 
presence of from 30 to 100 percent by weight of methanesulfonic acid and from 2 to 10 percent by weight of mercap- 
topropionic acid. The reaction is preferably performed at a temperature of from 20°C to 50°C. The 4-hydroxyphenyl- 
dihalofluorene is recovered by conventional techniques before reaction with the trialkylsilyl chloride. 
[0051] The 2,7-dihalo-9,9-bis(4-hydroxyphenyl) fluorene is contacted with from 2.2 to 3.0 equivalents of trialkylsilyl 
chloride in the presence of from 3.0 to 6.0 equivalents of base. The reaction is preferably performed at a temperature, 
of from 20°C to 40°C. The reaction is performed in a solvent of dimethylformamide and dimethylacetamide. Imidazole 
is the preferred base. The 2,7-dihafo-9,9-bis(4-trialkylsiloxyphenyl)fluorene can be recovered by conventional tech- 
niques. 

[0052] The 2,7-dihaio-9-substituted fluorenes may be further substituted on the 3-, 4-, 5- and/or 6-position by any 
suitable synthesis technique. Preferably, the 3-, 4-, 5- and/or 6-positions are substituted prior to substitution at the 
9-position. In many instances, the reaction sequence to place substituents at the 3-, 4-, 5- and/or 6-position may result 
in unwanted substitution on the substituents at the 9-position if the substitution is performed after the 9-position sub- 
stitution. 

[0053] The 2,7-aryl-9-substituted fluorene oligomers and polymers of the invention are prepared by contacting one 
or more 2,7-diha!o-9-substituted fluorenes with a haloaromatic compound in the presence of a nickel (zero valent) 
catalyst or other catalysts suitable for use in processes for the de-halogen-coupling of aryl halides. The 9-substituted 
fluorene oligomers and polymers terminated at the terminal 2- and 7-positions with hydrogen or a halogen may be 
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halides. The nickel (zero »aent) catalyst may bs p.epa.« n rtu by "JJ? * "2S capaWe « acc el.ra«ag the 
and II respectively), 



10 



15 




(R 2 ). 




CHR 3 



(xiii: 



20 



25 



wherein Ri. R 2 , R3 and a are as previously defined and X is a halogen moiety. In Formulas X.I and XUI, X is 

halofluorene, which is commercially available, by the P^^^^^fluorenes and 9-substituted fluorene 
[0055] The haloaromatic compound used to prepare ^^^f^^^f^^ an d may further be 
oligomers and polymers comprises an aromatic ^"^^^^^^^^Li corresponds to the 



30 




(XIV) 



or 



40 



45 




(XV) 



50 



55 



wherein: 

ovinyl ether moiety. More preferably, Z is a trialkylsiloxy mo.ety. 
[0057] in one preferred embodiment, the haloaromatic compound is a halogen-substituted benzocyc.obutene moiety 
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layers. The oligomers of 2,7-dihalo-9-substituted fluorenes are prepared by reacting 2,7-dihalo-9-substituted fluorenes 
with a haloaromatic, such as a halobenzene, further substituted with a reactive end-group such as ethenyl, ethynyl, 
maleimide, nadimide, trifluorovinyl ether or cyclobutene ring. Such reaction is performed using a nickel-zinc coupling 
reaction wherein the degree of oligomerization can be controlled by the ratio of reactants. 

[0059] The preparation of the 2,7-diaryl-9-substituted fluorenes and the 9-substituted fluorene oligomers or polymers 
may be illustrated by Equations 4 and 5. 



10 
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25 




Equation 4 



30 



35 



40 



45 




50 



Equation 5 



[0060] The 2,7-dihalo-9-substituted fluorene and haloaromatic compound may be contacted in a wide range of ratios, 
depending upon the desired degree of oligomerization or polymerization. Preferably, the mole ratio of 2,7-dihalo-9-sub- 
55 stituted fluorene to haloaromatic compound is 1 :2 (i.e. 0.5:1 ) or greater, preferably 1 :1 or greater and more preferably 
2:1 or greater. Preferably, the ratio is 50:1 or less, and more preferably 25:1 or less. 

[0061 ] In the embodiment wherein it is desired to prepare a 2,7-diaryl-9-substituted fluorene (where n is 1 ), the mole 
ratio of 2,7-dihalo-9-substituted fluorene to haloaromatic compound is 1:2. In the embodiment where oligomers or 
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merS ' , a mhn riimpnt the reaction of the 2 7-dihalo-9-substituted fluorene with haloaromatic compound 

r00621 n a preferred embodiment, tne reaction or me / «««> "■" „ . cri«nce Part A. Polymer 

for 10 to 100 hours in an inert solvent, for instance toluene and ethanol. arv |-9-substituted fluorene or 

converted to hydroxy moiet.es by contact w.th concen Jrated ac ^' su ; n ~ ^ tetjtuted f|uorene to pre pare an oli- 
[0066] A halopheny. trialkylsiloxy ether ca " ^« H.ustrated by Equation 

gomer having end-groups comprising phenyl t "^ l « ,0 ^.^° , ^ w ?!J Walkylsiloxy moieties can be converted to 

sequence is illustrated by Equation 7. 
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m 



10 



15 



(R«) 3 SiO- 




(R 2 ). 



(R 2 ), - 1 

XX- 




R 1 


m 



OSi(R 1 Q) 3 



20 



25 



30 



35 



40 



45 



(R 10 ) 3 SiO 




HO 



OSKR 1 ^ +HCI 




50 



55 



Equation 7 

[0067] The hydroxy moieties of the 2,7'-aryl substituents may be converted to cyanate moieties by well-known cya- 
nation reactions. See, for example, US-A-4,478,270; Martin, Organic Synthesis, Vol. 61, p. 35; and Handbook of Pre- 
parative Inorganic Chemistry, p. 1,662 (1963), Academic Press, New York. This reaction sequence is illustrated by 
Equation 8. 
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OH + CNBr 



tertiary 
amine 



N =CO 




OC-N 



_Jm 



Equation 8 

, „» m K„H imP nt the2 7-hvdroxvaryl-9-substitutedfluoren e or2,7'-hydroxyaryl-9-substitutedflu- 
[0068] In one preferred embodiment, the 2,7 h V ar °*y a ^' * disS0 | Ve d in a chlorinated hydrocarbon or a secondary 
orene oligomer or polymer is contacted wrth cyanogen hah de : disso feed m acmor y such that , ne 

or tertiary alcohol, in the presence of a tert.ary ^£^£££55 £5£ in the presence of a dilute base 
hydroxy moieties are replaced with cyanate mo.et.es. ^JJ^^SaS? aS or alkaline metal bicarbonates or 
such as alkali or alkaline metal hydroxides, alkal. or ^"^^^SSS^mB^ being most preferred. This 
tertiary amines. Preferred bases are the tertiary ammes ^"^^^^^""^wng most preferred, 
process is preferably run at a temperature of OPC or ^J^J*- ^^c^na^ 2 "^substituted f.uorenes 
it is preferable to perform such process under an r «overed^y washing the reaction solution with a 

or2^ary.-9-substitutedf.uoreneo..go^^^ 

dilute base to remove excess cyanogen chlor.de. The r ^°"/ 0 '" l ' 0 r _ action solution is then contacted with the dilute 
any salt prepared from the W^^^^Z toSESZ is contacted with water again so 

aatr^^ 

2,7-dihalofluorene. „. t hP ? 7-hvdroxvarvl-9-substituted fluorene or 2,7'-hydroxyar- 

[0070] In another embodiment, the hydroxy moiebes ^^^"gJJJ^ moietie s by processes well known in 
^-substituted fluorene oligomer or polymer ^ J^^^J^ShmZo^ fluorene or 2,7'- 
the art. Such glycidyl ethers are preferably prepa ed under conditions to form aryl moieties with 

hydroxyaryl-9-substituted N" 0 ™ 60 ^™^ to form an epoxy or glycidyl ring 

(1967). This process is illustrated by Equation 9. 
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[0071] The 2,7-diaryl-9-substituted fluorenes and 9-substituted fluorene oligomers and polymers are useful in pre- 
paring coatings and films. Such coatings and films can be useful as emitting layers in polymeric light-emitting diodes, 
in protective coatings for electronic devices and as fluorescent coatings. The thickness of the coating or film is depend- 
ent upon the ultimate use. Generally, such thickness can be from .01 to 200 micrometers. In that embodiment wherein 
the coating is used as a fluorescent coating, the coating or film thickness is from 50 to 200 micrometers. In that em- 
bodiment where the coatings are used as electronic protective layers, the thickness of the coating can be from 5 to 20 
micrometers. In that embodiment where the coatings are used in a polymeric light-emitting diode, the thickness of the 
layer formed is 0.05 to 2 micrometers. The compounds of the invention and their oligomers or polymers form good 
pinhole- and defect-free films. Such films can be prepared by means well known in the art including spin-coating, spray- 
coating, dip-coating and roller-coating. Such coatings are prepared by a process comprising applying a composition 
to a substrate and exposing the applied composition to conditions such that a film is formed. The conditions which form 
a film depend upon the application technique and the reactive end groups of the aryl moiety. In a preferred embodiment, 
the composition applied to the substrate comprises the 2,7-diaryl-9-substituted fluorene or 9-substituted fluorene oli- 
gomers or polymers dissolved in a common organic solvent. Preferred solvents are aliphatic hydrocarbons, chlorinated 
hydrocarbons, aromatic hydrocarbons, ketones and ethers. It is preferable that such solvents have relatively low po- 
larity. Preferably, the solution contains from 0.1 to 10 weight percent of the 2,7-diaryl-9-substituted fluorene or 9-sub- 
stituted fluorene oligomers or polymers. For thin coatings, it is preferred that the composition contains from 0.5 to 5.0 
percent by weight of the 2,7-diaryl-9-substituted fluorene or 9-substituted fluorene oligomers or polymers. This com- 
position is then applied to the appropriate substrate by the desired method and the solvent is allowed to evaporate. 
Residual solvent may be removed by vacuum and/or by heat. If the solvent is low boiling, then low solution concen- 
trations, for example, 0.1 to 2 percent, are desired. If the solvent is high boiling, then high concentrations, for example, 
3 to 10 percent, are desired. After removal of the solvent, the coating is then exposed to the necessary conditions to 
cure the film, if needed, to prepare a film having high solvent and heat resistance. The films are preferably substantially 
uniform in thickness and substantially free of pinholes. Preferably, the films are cured when exposed to temperatures 
of 100°C or greater, more preferably 150°C or greater and most preferably 200°C or greater. 
[0072] Preferably, the films cure at a temperature of 300°C or less. 

[0073] In the preparation of the films, the composition may further comprise a catalyst suitable to facilitate or initiate 
the curing of the films. Such catalysts are well known in the art, for instance, for materials having ethylenic unsaturation, 
a free radical catalyst may be used. For aryl moieties with glycidyl ethers as end-groups, ureas or imidazoles may be 
used. In the preparation of films from fluorenes with glycidyl ether aryl-terminal moieties, such materials may be reacted 
with commonly known curing agents which facilitate cross-linking. Among preferred curing agents are tetrahydroph- 
thalic anhydride, nadic anhydride and maleic anhydride. 

[0074] In another embodiment the 2,7-diaryl-9-substituted fluorenes and 9-substituted fluorene oligomers or poly- 
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rne. may be partly cu^^ 

° IS iat^SE- *>r iHustrative purposes on,y and do not Umit tne scope - the Cairns. 
Unless otherwise stated, all parts and percentages are by weight. 

Cv^mpiP 1 - g.T-Dichloro-9 Q-HiriMhylhexvl.fluorene 

, , n ~~,-iA-* n ni83mole.and120mLofdimethylsulfoxide(DMSO)under 
t 0076] Toastirredmixtureof aj-d.chlorof.uoreneHSs ,0.183 ^ aqueous 

nitrogen was added and the mixture was agitated well for 

solution ol sodium hydroxide. 2-Ethylhexyl bromide J additjon of 2 . et hylhexyl 

2 hours. The reaction was exothermic, thetemperaturerea^ 

bromide and then falling off to 30°C over ^^^^.^Z^^ the formation of new product, 
matography (HPLC) showed the ^^^ZtJLt x^^^^ 15 minutes and the layers 
Water (200 mL). and diethyl ether ^^^^^SS^^^^' water ' dried (MgS ° 4) and 
were separated. The organic layer was washed «» h » jatura tea aque 2!7 . d ichloro-9,9-di(2-ethylhexyl) 

evaporated to remove ether. F«?«^^^i%7^p!^ rt yield); HPLC analysis showed that 
TpTo^^ 

Example 2 - 9.9-Di-n-bu tY'-? ,7-dibromofluorene 

[0077] 2,7-Dibromofluorene (32.4 g, 0, mole), n-buty. bronze 

1 .5 g and 50 percent aqueous NaOH solution ^J^^^^^L^ with water and dried 
allowed to cool to room temperature and was recrystallized from 400 mL of 

over anhydrous magnesium sulfate. Removal of solvent gave 96 y ent yie , d ), melting point 

ethanol to provide ■**"^ 7 f»^ percent and theproton and carbon- 

1 20.5°C to 1 21 .5°C. HPLC analysis showed that the product naa a pumy «■ « k 

13 NMR were consistent with the title structure. 

Example a - p.7-Dibromo-9,9- r(2-methoxvcarbonyl)-ethyl)fluorene 

ana.mbee.aeptom^aaddeda.y.d.bromo.ln^^ 

sswss nrs'ssssss- ~ - «~ - « — - 

completed, th. -eactioa was .timed lor an j**""*" re T he crade product solidified alter cooling to 

Sa4r^r^rrrrts p ™ no,, j*™-^— - — - « 

afford white crystals (79.0 g, 90 percent yield). 
45 Example 4 - 2 7-Dibromo-9.9-di <9-«th Y lhexvl,fluorene 

aS^WiSSS .Lane. Tbe carboa and p,«on raa^b spaCa wa,a 

50 found to be consistent with the title structure. 

Example 5 - 2.7-Pichtoro- Q Q-di(3-methyl-1 -butyl)-fluorene 

h.,«> nf Fxamole 1 2 7-dichloro-9,9-di(3-methyl-1-butyl)fluorene was prepared from 
[0081] Following the procedure of Example 1, z,/ a ™ 0 ™>' ^ / rpcr vstallized from pentane) in 90 percent 

showed the purity as 99 percent and greater. 
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Example 6 - 2,7-Dichloro-9,9-di(1-hexyl)fluorene 

[0082] 2,7-Dichloro-9,9-di(1-hexyl)fluorene was prepared from 2,7-dichlorofluorene and 1-bromohexane following 
the procedure of Example 1 as colorless crystals (recrystallized from hexane) In 91 percent yield; melting point 66PC 
to 67°C. HPLC analysis showed that the sample was 99 percent or greater pure and the spectral data confirmed the 
title structure. 

Example 7 - 2,7-Dichloro-9-benzylidenylfluorene 



[0084] To a stirred suspension of 2,7-dichlorofluorene (6.4 g, 27 mmole) in 30 mL of pyrrolidine or pyridine at 0°C 
under nitrogen was added 6 mL of a 1M solution of tetrabutylammonium hydroxide in methanol. A solution of benzal- 
dehyde (3.4 g, 32 mmole) in 25 mL of pyridine was then added over 10 minutes and the orange-colored mixture was 
allowed to stir at ambient temperature for 2 hours. The mixture was poured into 300 mL of ice-water, stirred for 3 hours, 
the yellow solid was filtered and recrystallized from n-heptane to provide 2,7-dichloro-9-benzylidenylfluorene as yellow 
needles, melting point 87°C to 88°C (7.8 g, 89.6 percent). PMR analysis was consistent with the title structure. 

Example 8 - 2,7-Dibromo-9-(4-dimethylaminobenzylidenyl)fluorene 



[0086] 2,7-Dibromo-9-(4-dimethylaminobenzylidenyl)fluorene was prepared using the procedure of Example 1 in 
87.7 percent yield as light-orange powder, melting point 214°C to 216°C (recrystallized from toluene). PMR analysis 
is consistent with the title structure. 



[0083] 




[0085] 
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F^nmrll. 0 - 2 T-nihr Q mo-9>(4-(2-et hYlh 6 xYloxv^benzvHden Y l)fluorene 

[0087] 



10 



15 



20 



25 




30 



point 68°C to 70°C. PMR analysis was consistent with the title structure, 
p^^io^n - p y-Dibromo^-O.S -B-trimethvlhexvlidenvQfluorene 

[0089] 




35 



40 



50 



55 



[0090, To a rtn« n-ure o, 2 ,7.dlb,o™« r ne ,14 9 40 «m*> Z%^^£Z££2£ZZ 
64.7 percent). PMR analysis was consistent with the assigned structure. 



P^^ h- , o 7.nihmm n .fl. f5.norborn-2 -en Y lidenvl)fluorene 
45 [0091] 




«„=„»h fr«m ? 7-dibromof luorene and 5-norbornene-2-carboxaldehyde by following 
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10 



15 



recrystallized from n-hexane to provide the title compound as tan crystals, melting point 118°C to 120°C (62 percent 
yield). PMR analysis and HPLC showed the title compound was obtained as a 1:1 mixture of exo and endo isomers. 

Example 12 - Poly(9,9-di-n-hexylfluorenyl-2,7'-diyl) 

[0093] A dried polymerization reactor was charged with 2,7-dichloro-9,9-di-n-hexylfluorene (4.03 g, 10.0 mmoles), 
nickel chloride-2,2'-bipyridine complex (Ni complex) (43 mg, 0.15 mmole), zinc dust (1.96 g, 30 mmoles) and triphe- 
nylphosphine (TPP) (1.31 g, 5 mmoles). The reactor was evacuated and filled with nitrogen several times, and finally 
filled with argon. Dry dimethylacetamide (DMAc) (10 mL) was added and the contents of the reactor were stirred and 
heated in an 80°C oil bath. After 4 hours, a solid polymer cake was formed and the oil bath temperature was raised to 
90°C. After 5.75 hours, 10 mL of dry toluene was added and stirring and heating were continued. Two more 10 mL 
portions of toluene were added at 6.5 hours and 7.3 hours. Heating and stirring were continued for 3.5 hours after the 
addition of the last portion of toluene. The mixture was poured into 150 mL of chloroform and filtered. The chloroform 
in the filtrate was removed on a rotary evaporator and the residue stirred with acetone. The large, bright-yellow granules 
obtained were dried for 18 hours in a vacuum oven at 70°C. The yield was 3.10 g, 93.9 percent. The polymer had the 
following structure: 



20 



25 




R=n-hexyl 



[0094] The inherent viscosity was 0.57 dl_/g. Gel permeation chromatography showed Mw 39,630 Daltons, Mn 1 6,020 
Daltons and polydispersity of 2.47. The degree of polymerization, m, was 48. Differential scanning calorimetry (DSC) 
30 analysis at 5°C/minute showed two endothermic transitions centered at 193°C and 249°C, indicative of liquid crystal- 
linity. There was no indication of glass transition. 

[0095] For comparison, Fukuda's polymer of formally the same chemical composition had a polydispersity of 6.8, 
degree of polymerization relative to polystyrene of 14, glass transition temperature of 55°C and no crystal I inity. 

35 Example 13 - Poly(9,9-di-n-hexyrfluorene-2,7'-diyl) 

[0096] The experiment of Example 12 was repeated except the solvent was N-cyclohexylpyrrolidinone (20 mL). The 
polymerization was allowed to proceed for 18 hours and the product was purified and isolated as described in Example 
12. The yield was 3.30 g, 100 percent. Inherent viscosity was 0.54 dL/g. 



40 
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Example 14 - Poly^g-di-n-hexylfluorene^^'-diyl) 

[0097] A dried polymerization reactor was charged with nickel chloride (52 mg, 0.4 mmole), 2,2'-bipyridine (62.4 mg, 
0.4 mmole), zinc dust (5.76 g, 88 mmoles), and TPP (3.76 g, 14.0 mmoles). The reactor was evacuated and filled with 
nitrogen several times, and finally filled with argon. Dry DMAc (5 mL) was added and the content of the reactor stirred 
and heated in a 90°C oil bath for 15 minutes to generate the active Ni(0) catalyst. A degassed solution of 2,7-dichloro- 
9,9-di-n-hexylfluorene (8.06 g, 20.0 mmoles) in 17 mL of dry DMAc was then added in two portions via a syringe and 
the polymerization was allowed to proceed for 4.5 hours. The polymer isolated had inherent viscosity of 0.35 dL/g. 
[0098] A thin film of the polymer was melted on a glass slide and examined on a hot-stage microscope under cross- 
polarized light. Intense birefringence was observed at above 200°C, indicating that the polymer undergoes a crystalline 
to liquid crystalline transition as suggested by DSC analysis. 

Example 15 - Photoluminescence of Poly(9,9-di-n-hexylfluorene-2,7'-diyl) 

[0099] A dilute chloroform solution of the polymer prepared in Example 14 was spin-coated onto a quartz plate to 
give a dense, uniform film. Photoluminescence spectrum was obtained by excitation at 381 nm. The light emitted was 
intensely blue: major maximum at 424 nm with minor maxima at 445 and 475 nm. The emission spectrum reported by 
Fukuda consisted of a broad peak centered at 495 nm and a very minor peak at 425 nm. The differences in the emission 
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10 



spectrawercconsis^^ 

p I2::: ^ R .PnlY (9.9-di-U-t-b^ 

1.48. The polymer had the following structure: 



15 



20 




R= 




f|le 



OSi t-Bu 

i 

Me 



25 



30 



35 



BgmB!^-Pg! yig£^±{^ 

. meri with TP p (2 62 a 10 mmoles), 2,7-dibromo-9,9-di-(4-(2-ethylhexanoyloxy)phenyl)flu- 
[0101] A reactor was charged w.th TPP (2J32 g, 1 0 mrnor , ^ Jraces Qf 

orene (8.9 g, 11.7 mmoles), potass.um .od.de (0.22 9. 1-3 mmotoM DM~t , ^ 
moisture were removed as an azeotrope with toluene. ™ e '™]™J*^ e *^ l ™ e added . After 20 hours, an 
argon, and to it nicke. chloride (26 mg, 0.2 SJi^SSt react for another 24 hours. The 

structure of the polymer is as follows: 
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50 



55 



Example 18 - p 0 M9.9-di(2-et h Y lhexvnfluorene-2,7'-diyl) 
,0103! A reactor was charged with f 

15 mmoles), a NiCI 2 -bipyridine complex 21.5 ^^^^J^^ mL) ^as added and the contents were 
evacuated and filled with nitrogen several t.mes. N -«^f raised t0 90 ° C and the polym- 
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and blended with methanol to precipitate the polymer as a yellow solid. Inherent viscosity was 0.15 dL/g. The structure 
of the polymer is as follows: 



10 




R = 2-ethylhexyl 



[0104] A small piece of the polymer was melted on a microscope slide at 230°C and slowly cooled to room temper- 
's ature while being examined under cross-polarized light. Birefringence emerged at 175°C. Heating the same film from 
room temperature revealed a liquid crystal to isotropic transition at 165°C. 



Example 1 9 - Copolymer 



20 [0105] To a reactor was added 2,7-dichloro-9,9-di(2-ethylhexyl)fluorene (0.92 g, 2 mmoles), 2,7-dichloro-9,9-di-n« 
hexylfluorene ( 3.2 g, 8 mmoles), TPP (1.31. g, 5.0 mmoles), NiC^-bipyridine complex (43 mg, 0.15 mmole) and zinc 
dust (1 .96 g, 30 mmoles). The reactor was evacuated and filled with nitrogen several times and then to it was added 
DMAc (10 mL). The mixture was stirred at 80°C for 7 hours and at 90°C for 1 5 hours. The reaction mixture was mixed 
with chloroform and filtered. The filtrate was concentrated and the copolymer precipitated in acetone and dried in a 

25 vacuum oven at 50°C overnight. The structure of the copolymer is as follows: 



30 



35 




R = 2-ethylhexyl 



R' = n-hexyl 



40 



45 



[0106] The copolymer had an inherent viscosity of 0.35 dL/g and a Tg at 89°C as measured by DSC. 
Example 20 - Poly(9,9-di(2-methoxycarbonylethyl)fluorene-2,7'-diyl) 

[0107] A reactor was charged with TPP (2.0 g, 7.67 mmoles), zinc dust (2.02 g, 30.9 mmoles) and nickel bromide 
(0.22 g, 1.0 mmole). The reactor was evacuated and filled with nitrogen several times. To the reactor was added 
dimethylformamide (DMF) (5 mL) and the mixture was stirred at 40°C for 15 minutes. Then a solution of 2,7-dibromo- 
9,9-di(2-methoxycarbonylethyl)fluorene (4.96 g, 10 mmoles) in DMF (10 mL), previously flushed with nitrogen, was 
added. The polymerization was allowed to proceed for 48 hours at 80°C. The reaction mixture was dissolved in chlo- 
roform and filtered. The chloroform layer was washed with water and dried over anhydrous magnesium sulfate. Upon 
removal of the solvent, a yellow granular solid was obtained with the following structure: 



50 



55 




R = CH 2 CH 2 C0 2 CH 3 
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^ 91 . R^oc yclobutene (BCBVcapped o liao(9.9-di(2-ethvlhexyl)fluorene-2,T-diyl) 

r0108l A reactor was charged with 2 ,7-dibromo-9,9-di(2-ethylhexyl)fluorene (11 .0 g, 20 mmoles), zinc dust (3 _92 g 
wTrnmSest nteke complex (172 mg, 0.6 mmole) and TPP (2.62 g, 10 mmoles). The reactor ^ated and 
med^h n^en several times. A solution of 4-bromobenzocyclobutene (Br-BCB) (1.10 g, 6 mmoles .n DMF (20 
S Te^wZs^XU nitrogen, was added to the reactor. The content was stirred at 75°C under nitrogen for 24 
hourc ; ThrrSction was dissolved in 50 mL of toluene and filtered and the filtrate washed with water. The 

Suene ^solttonl^S at room temperature with 5 mL of 70 percent t-buty.hydroperoxide overn.ght Excess per- 
oxid wa ^decorTised with aqueous sodium hydrogen sulfite and the to.uene solution washed wrth water and evap- 
oSed Ho drvn™ The residue was extracted with hexane separating the desired product from tnphenylphosph.ne 
S The hexlelSon was percolated through a silica gel column and evaporated to give 5.1 g of the fol.ow.ng 
resin: 




R = 2-ethylhexyl 



T01091 Proton NMR analysis of the product indicated m = 7.4. w^*«iw 
mm AZ,ilmofthemateria.wasexaminedonahot-stagemicroscopeundercross-polanzedl,ght.a 

Engent, indicating presence of liquid crystallinity. Heating to 150°C brought the d.sappearance of b.refnngence, 

which re-emerged upon cooling to room temperature. 

Example 22 - BCB-capped oliqo(9.9-di(2-et hylhexvMluorene-2,T-diyl) 

[0111] The experiment described in Examp.e 21 was repeated with 5.55 g (10 0 mmole ^' , ^ 3 m ^ m ° | 2 
a (3 mmoles) of Br-BCB, 1 .91 g (29.2 mmoles) of zinc dust, 79 mg (0.28 mmole) of n.ckel complex, 1 .31 g (5 "imoles) 

pTat o m of DMAc. The reaction was run at 80*C for 16.5 hours. The product has the = 
Example 21 except m = 7 2, as determined by proton NMR. A thin film of the res.n was examined on a hot-stage 
ScSope under cross-polarized light. The film was biref ringent at room temperature, indicative of l.qu.d crystall.n.ty. 

had substantially reacted, giving a crosslinked polymer. 



Example 23 ■ BCB-capped oliao(9.9-di(2-eth Ylhexynfluorene-2,7'-divl) 



r0112l A 250 mL, three-necked, round-bottomed flask was charged with nickel chlonde (0.156 g 12 "™les) ■ 2^- 
hin„riLr f 0 188 a 12 mmoles) TPP (5.24 g, 20 mmoles) and zinc dust (7.84 g, 120 mmoles) under nrtrogen 40 mL 
St £s adde fi via a sySge The gray^o.ored s.urry was stirred and heated at 80°C for 15 minutes when the 
txX^^tZZreJ^ I color. A mixture of 2,7-dibromo-9,9-di(2-ethylhexy.)f.uorene (21 94 g, 4 M 
B?BCB (2.93 g! 1 6 mmoles). and 30 mL of DMAc was added to the catalyst dropwise over 1 5 mmutes and the reaction 

mm7 ThVreac^n mixfu'waTcled to room temperature, diluted with 200 mL of hexane and filtered through a 
bed o^,lte^ai^del^m^eous earth, and the filtered aid was washed with hexane (3 x 40 mL). To the f i.trate was added 
?0 mL i T 7 0 percenU butylhydroperoxide solution and the resulting mixture was stirred at room temperate overnight 
Stldth^ 

S and dried oler MgS0 4 . The hexane solution was concentrated to 50 mL, cooled at 0°C for a few hours to , p j 
State excess triphenylphosphine oxide, and the filtrate was evaporated to prov.de a yell £w semi-solid (16 g. 93 
percent vield) The material was found to have a structure similar to that of Example 21 but with m = 53 
5,114] oEr properties of the material in the solid state were as follows: liquid crystallinity up to^OPC; strong UV 
absorption (1 max 365 nm); and photoluminescence at 41 9 nm with minor peaks at 447, 473, and 511 nm ,n decrees £g 
SenS A iZ film was cured at 200°C for 1 hour, 225°C for 1 hour and 250°C for 1 hour. The UV absorption of the 
Z waT Z same before and after cure but the major photoluminescent peak has shifted to 512 nm. 
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Example 24 - BCB-capped oligo(9,9-di-n-hexyl)fluorene-2,7'-diyl) 

[0115] A reactor was charged with 2,7-dichloro-9 t 9-di-n-hexy If luorene (8.1 g, 20 mmoles), Br-BCB(1.1 g, 6 mmoles), 
nickel complex (172 mg, 0.6 mmole), zinc dust (3.92 g, 60 mmoles), TPP (2.62 g, 20 mmoles) and 30 mL of a 1:4 
s mixture of xylene and DMF. The reaction was stirred under nitrogen at 80°C. After 1.5 hours, an additional 10 mL of 
solvent mix was added and stirring was continued for 20 hours. The product mixture was dissolved in chloroform (100 
mL) and filtered. Chloroform was removed under vacuum and the residue stirred with acetone (600 mL). The acetone- 
insoluble solid was isolated by filtration and dried in vacuo at 60°C overnight to give 3.89 g of bright-yellow granules 
which was identified by proton NMR as follows: 



15 




R = n-hexyl 
m = 28.4 
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[0116] A solid film of this material showed UV absorption at 382 nm and photoluminescent peaks at 427, 440, and 
481 nm in decreasing intensity. 

[0117] The acetone solution was concentrated and mixed with ethanol (300 mL). The precipitated solid was isolated 
and dried to give 2.22 g of pale-yellow granules which was identified by proton NMR as follows: 



30 




R = n-hexyl 

m =7.3 
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[0118] A solid film of this material showed UV absorption at 363 nm and photoluminescent peaks at 421, 442, and 
475 nm in decreasing intensity. 

[0119] Curing the above films as per the procedure of Example 22 did not bring significant shifts in the emission 
wavelengths. DSC analysis of both materials showed the expected exotherms due to crosslinking reactions of BCB. 

Example 25 - BCB-capped oligo(9 > 9-di(2-methoxycarbonylethyl)fluorene-2 t 7'-diyl) 

[0120] A reactor was charged with 2,7-dibromo-9,9-di(2-methoxycarbonylethyl)f luorene (9.92 g, 20 mmoles), nickel 
complex (172 mg, 0.6 mmole), zinc dust (2.93 g, 60 mmoles) and TPP 

[0121] (2.62 g, 10 mmoles). It was evacuated and filled with nitrogen several times. To it was added a solution of Br- 
BCB (1 .46 g, 8 mmoles) in DMAc (30 mL), previously flushed with nitrogen for 45 minutes. The mixture was stirred at 
80°C for 20 hours. The reaction product was diluted with chloroform (300 mL) and filtered. The filtrate was concentrated 
and slurried with ethanol (300 mL) to give a fine, light-yellow solid which was filtered and washed with methanol. The 
product was dried in vacuum at 50°C overnight. Proton NMR analysis indicated that the structure was as follows: 



55 
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R = CH 2 CH 2 CO z CH 3 
m = 14.7 



I0 122l The resin showed mu,tip,e transitions during thefirst DS ;C scan ^ ^t^T^I 
-o^ 

caused a shift of the emission peak to 540 nm. 

F^r2X!f_? R - BCB^g BBgd oliaoO Q-dii2-ethvlhexyl)fluorene-2,7-diyl) 

I01 23] Theexperirnentdes, r! nExarnp.e^ 

hexyl)fluorene, 11.8 g (180 mmoles) o zinc dust, 4^4 g (24 mmoles of Br BCB ^ ^ 

mmoles) of nickel complex and 90 mL of " ^^g°^ e gg ^nc The tokiene solution was washed with water 
mixed with toluene and stirred with aqueous HCI to ™ ™ and stirred overnight with 50 mL of 
twice and evaporated to a yellow syrup wh.ch was dissolved hn I exane 500 mL ^ hy 

70 percent t-butylhydroperoxide. Excess P^J^^yj^^ oJ obtained from evaporation of 
drogen sulfite and the hexane solution washed w l h .X/cmTlme"e'r and 2-inch (5 cm) height) of silica gel. The 
the solvent was passed through a short column (2-mch <^m) dimeter ^ ™ ^ » eva porated and 
desired product was eluted with several liters of hexane. ^wsHT ooi^ed a st ream i nto 1.2 L of stirred 

the residue dissoived in 80 mL -^^^^^t^^^ over anhydrous mag- 

0 5 mm H (66 Padding 14.8 g S BCB-capped oligomer with the fol.ow.ng structure: 




R = 2-ethylhexyl 
m = 7.4 



lied v»ilh argon se.eral limes. The llask »as »n placed ,n » «< J™ » 6 ^ „«. The sample 

of pin-holes and other defects. 

P^^^ . MyHrnv ynhenvl-caoped oli oo(9,9-d i(2-ethylhex V l)fluorene-2,7'-diylJ 
[0 125, Examp.e21wasre P eated^19 g( 30mmo.es,^ 

of zinc dust, 3.45 g (12 mmoles) of 4-bromophenyl-t-butyld.methyteHyl ' eth « ^ 9 05 mmo ^ 
mmole) of nickel comp.ex and 50 mL of DMAc. The "^^^J^^^^tLi zinC . The filtrate was 
mixture was diluted with toluene (200 mL and f,l^d ^^^^SZm^ with hexane. The hexane 
^^XZ^^^^" 15 - * 70 -~ro.de 
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overnight. Excess peroxide was decomposed with aqueous sodium hydrogen sulfite and the solution washed repeat- 
edly with water. Triphenylphosphine oxide was removed by filtration and the hexane solution was dried over anhydrous 
magnesium sulfate. Evaporation of hexane and further stripping of volatiles at 0.5 mm Hg (66 Pa), 120°C, 1 hour, gave 
a semi-solid. This was dissolved in toluene (60 mL) and the toluene solution poured as a thin stream into methanol. 
The semi-solid precipitated cake was dissolved in hexane. The hexane solution yielded 10.0 g of strongly photolumi- 
nescent (blue) semi-solid after drying and stripping. The NMR spectrum of this material is consistent with the expected 
structure as follows: 



10 



15 



Me 

t-Bu SiO — LV-^ 




R = 2-ethylhexyl 
m = 7.5 



Me 



OSi t-Bu 



Me 



Me 



20 [0126] The above material was refluxed with a solution of tetrahydrofuran (100 mL) and concentrated HCI (5 mL) for 
6 hours to effect desilylation. The NMR spectrum of the product was consistent with the expected structure as follows. 
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30 




R = 2-ethylhexyl 
m = 7.5 

OH 
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40 



Example 28 - Cyanatophenyl-capped oligo(9 > 9-di(2-ethylhexyl)fluorene-2,7'-diyl) 

[0127] The phenolic material from Example 27 (6.5 g) was dissolved in methylene chloride (75 mL) and mixed with 
2.5 g of cyanogen bromide in a reactor. The resulting solution was cooled to -20°C and to it was added a solution of 
3 mL triethylamine and 10 mL methylene chloride over a period of 3 minutes. The mixture was stirred at -10PC for 1 
hour and was then washed with dilute HCI, water and dried over anhydrous magnesium sulfate. Removal of solvent 
gave 6.5 g of light-brown oil showing the expected infrared absorption bands (2200 to 2300 cm' 1 ) for cyanate groups 
and no absorption band for phenolic groups. The oil was further purified by passage through a short silica gel column 
to give a strongly photoluminescent (blue), yellow semi-solid. The NMR and infrared spectra of the material are con- 
sistent with the following structure: 



45 



50 



NCO 




R = 2-ethylhexyl 

m = 7.5 



OCN 



55 



Example 29 - Polymerization of 2,7-dichloro-9-benzylidenylfluorene 

[0128] To a dry reactor equipped with a mechanical stirrer, rubber septa, and an inlet connected to a vacuum and 
nitrogen manifold was added TPP (2.00 g, 8 mmoles), zinc dust (3.02 g, 31 mmoles), and nickel complex (0.26 g, 1 
mmole). The reactor was evacuated and purged with nitrogen 7 times and was heated to 40°C. 1 -Methyl-2-pyrrolidinone 
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10 



yield and spectral data, the structure of the polymer was as follows: 



15 



20 



25 



30 




35 



[0 130] Afi.mofthepotymer.castontoa^^ 

centered at 368 nm and a broad photoluminescent band centered at 571 nm. 

^e30 Cc ^e^o, m « 2 .7-dich.oro. fl -h P n 7 vlideny.f.uorene and 2 y-d.ch.or^^-di-n-hexY.t.uorene 
[0 131, The procedure of Example 29 was repeated with 1^(5 — 

and 2 02 g (5 mmoles) 2,7-dichloro-9,9-di-n-hexy.fluoren^ ^"^^SSijlS^^ so.ution was filtered 
,or 48 hours. The reaction mixture was added to. was s.owly added 
through a plug of filter aid to remove the unreached z.nc The Wtenrf ^ ^ and washed wjth acetone 

to acetone (300 mL) to precipitate the product. The bnght-yell ow P^ P '^f d ^ a „ ernating as shown be iow or could 
(3 x 50 mL) and dried to give 1 .79 g of " ZT^L sZrZLomou, showed a strong 

represented by the following structure: 



40 



45 



50 



55 




is as follows: 
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-J d 

10 

[01 33] A film, cast on a quartz disk from a chloroform solution, showed a strong UV absorption band centered at 370 
nm and photoluminescent bands centered at 470 and 522 nm. 

is Example 32 - Polymerization of 2,7-dichloro-9-(3,5,5-trimethylhexylidenyl)fluorene 

[0134] The procedure of Example 29 was repeated with 4.5 g (10 mmoles) of 2,7-dichlorp-9-(3,5,5-trimethylhexyli- 
denyl)fluorene in DMF (15 mL). The reaction mixture was stirred at 80°C for 28 hours. The reaction mixture was added 
to acetone (200 mL) to precipitate the product. The precipitate was collected, air-dried, crushed to a powder, then 
20 added to an aqueous solution of 3N HCI (300 mL). The mixture was stirred for 3 hours to dissolve the zinc metal. The 
bright, yellow-orange precipitate was collected, washed with methanol (3 x 100 mL), acetone (3 x 100 mL) and dried 
to give 2.5 g of product. The product was soluble in hot 1 ,2-dichlorobenzene. The melting point was 306?C. 



25 



30 



Example 33 - Polymerization of 2,7-dichloro-9-(5-norbornenylid-2-ene)fluorene 

[01 35] The procedure of Example 29 was repeated with 4.3 g ( 1 0 mmoles) of 2,7-dichloro-9-(5-norbornenylid-2-ene) 
fluorene in DMF (20 mL). The reaction mixture was stirred at 80°C for 26 hours. The reaction mixture was added to 
acetone (200 mL) to precipitate the product. The precipitate was collected, air dried, crushed to a powder, then added 
to an aqueous solution of 3N HCI (300 mL). The mixture was stirred for 3 hours to dissolve the zinc metal. The precipitate 
was collected, washed with methanol (3 x 100 mL), acetone (3 x 100 mL) and dried to give 3.0 g of product. 



Claims 

35 1. A compound of the formula: 



40 



45 



(R2)a v (IV) 




wherein: 

E is independently in each occurrence hydrogen, halogen, aryl or aryl substituted with a reactive group capable 
so of undergoing chain extension or crosslinking or a trialkylsiloxy moiety; 

R 1 is independently in each occurrence C^o hydrocarbyl or C^o hydrocarbyl containing one or more heter- 

oatoms selected from S, N, O, P and Si; C 4 . 16 hydrocarbyl carbonyloxy, or (C 9 . 16 aryl)trialkylsiloxy, or both R 1 

may form, with the 9-carbon of the fluorene ring, a C 5 . 20 ring structure or a C 4 _ 20 rin 9 structure containing one 

or more heteroatoms selected from S, N and O; 
55 R2 i S independently in each occurrence C^o hydrocarbyl, C^. 2 o hydrocarbyloxy, C^. 20 thioether, C^o hydro- 

carbyloxycarbonyl, C^o hydrocarbylcarbonyloxy, cyano, thiocyano, C 6 . 12 thioaryl, C^o alkylthio or hydroxy; 

R 3 is independently in each occurrence C^. 20 hydrocarbyl or C^o hydrocarbyl substituted with di(C 1 . 2 o alkyl) 

amino, C^o hydrocarbyloxy, tri(C 1 . 10 alkyl)siloxy or C^. 20 hydrocarbyl; 
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a is independently in each occurrence 0 or 1; and « 
m and n are 0 or non-negative numbers and the sum of n and m >s at least 1 
wherein the polymers have a polydispersity of less than 5. 

2. A compound of Claim 1 , wherein m is 1 and n is 0. 

3. A compound of Claim 1, wherein mis 0 and n is 1. 

4. A compound of Claim 1 , wherein the sum of n and m is greater than 1 . 

5. A compound of Claim 4„ wherein the sum of n and m is at least 1 0. 

6. A compound of Claim 5, wherein m is a number of 1 or greater and n is 0 or a number of 1 or greater. 

7 A compound of any one of Claims 3 to 6, wherein m is a number of 1 to 100 and n is 0 or a number of 1 to 100. 

siloxy, trifluorovinyl ether moiety; or a benzocyclobutene. 
9 A compound of Claim 8, wherein E is halogen, cyanato, ary. or ary. substituted with a reactive group capab.e of 
undergoing chain extension or crosslinking or a trialkylsiloxy moiety. 

10. A compound of Cairn 9, wherein E is ary. or ary. substituted with a reactive group capable of undergoing chain 
extension or crosslinking or a trialkylsiloxy. 

11. A compound of Claim 10, wherein E is a pheno.ic, a cyanato-substituted pheny. or a benzocyc.obutene moiety. 

12. A compound of Claim 10, wherein E is an ary. moiety having an acry.ate or methacry.ate ester reactive group 
corresponding to the formula 

O 
I 

-OCCCR^-CHR 8 

or an ethenyl moiety corresponding to the formula 

-C(R 7 )=C(R 7 )H 

wherein: 

n5 ic inripnendentlv in each occurrence hydrogen or C,^, alkyl; 

pe 'i S s Independen/y in each occurrence hydrogen, C ^^^gSSSS 
R7 is independently in each occurrence hydrogen, C^ hydrocarby. or C^o hydrocaroyioxy. 

13. A compound as claimed in Claim 11 , wherein E is a benzocyclobutene moiety corresponding to the formu.a 

(R«) c ,< R8 >. 



-OX. 
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wherein 



10 



R 8 is independently in each occurrence C^ 20 alkyl, C v20 alkoxy, C,_ 2 o alkylthio, C 6 . 20 aryl, C 6 . 20 aryloxy, C 6 . 20 
arylthio, C 7 . 20 aralkoxy, C 7 . 20 alkaryloxy, C 7 . 20 alkarylthio, C 7 . 20 aralkyl, C 7 . 20 aralkylthio, cyano, carboxylate, 
C1-20 hydrocarbylcarbonyloxy, C^. 20 hydrocarbylsulfinyl, C A . 20 hydrocarbylsulfonyl, amino or C^o dialkylami- 
no; 

R 9 is independently in each occurrence cyano, carboxylate, C v2 o hydrocarbylcarbonyloxy, nitro, halo, C V20 
hydrocarbylsulfonyl, C 1-2 o hydrocarbylsulfinyl, C^o alkyl, amido, or C^. 20 hydrocarbyloxy; 
c is independently in each occurrence 0 or an integer of 1 to 3; and 
e is independently in each occurrence 0, or 1 . 



14. A compound of Claim 1 which is a substituted fluorene according to Formula I:, 



15 



20 




R 1 R 1 



(I) 



wherein: 



25 



R 1 , R 2 , and a are as defined in Claim 1 and 
X is a halogen moiety. 



15. A compound according to Claim 3 which is a substituted fluorene according to Formula II, 



30 



35 




CHR 3 



wherein: 



40 



R 2 - R 3 and a are as defined in Claim 1 ; and 

X is independently in each occurrence a halogen moiety. 



16. A compound according to Claim 15 which is a substituted fluorene according to Formula III, 



45 



50 



55 




CH 



(III) 



wherein: 
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5E5£5^^^ -KPi- a.M)amino, Cl . 20 hydrocarbyloxy, tri(C, 10 a,Kyl)si.oxy or 

0^20 hydrocarbyl; and 

b is 0 or a number of from 1 to 3. 

17. A compound according to any one of Claims 4 to 1 3 which is an oligomer or polymer according to Formula IX, 



10 



15 




(IX) 



wherein: 



20 



25 



30 



R 1 > p2 f an( j a are as defined in Claim 1 ; 

E is as defined in any one of Claims 6 to 11 ; and 

m is greater than 1 . 

18. A compound according to any one of Claims 4 to 13 which is an oligomer or polymer according to Formula X, 




40 



45 



50 



wherein: 

R2, R3 s and a are as defined in Claim 1; 

E is as defined in any one of Claims 8 to 13; and 

n is greater than 1 . 

19. A compound according to Claim 18 which is an oligomer or polymer according to Formula XI, 

(XI) 




(R 4 )b ^ .. 



55 



R2 and a are as defined in Claim 1 ; 

R 4 is as defined in Claim 16; 

E is as defined in any one of Claims 8 to 13; 
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b is independently 0 or a number of from 1 to 3; and 
n is greater than 1 . 

20. A compound according to any one of Claims 4 to 13 which is an oligomer or polymer according to Formula V, 

5 



15 




wherein: 

20 

R 1 , R 2 , and a are as defined in Claim 1; 
E is as defined in any one of Claims 8 to 13; 
R 4 is as defined in Claim 1 6; 
m and n are each at least 1 ; and 
25 b is independently in each occurrence 0 or a number of from 1 to 3. 

21. A compound according to any one of Claims 1 to 14, 17 and 20, wherein R 1 is C-j_i2 alkyl, Cg.-jQ aryl or alkyl- 
substituted aryl, C 4 _ 16 hydrocarbyl carboxylate or (C 9 . 16 aryl)trialkylsiloxy. 

30 22. A compound according to any one of Claims 1 to 1 4, 1 7 and 20, wherein both R 1 form a C 5 _ 20 straight- or branched- 
ring structure or a C 4 _ 20 straight- or branched-chain ring structure containing one or more heteroatoms selected 
from S, N and O. 

23. A compound according to Claim 22, wherein both R 1 form a C 5 . 10 aliphatic ring or a C 4 . 10 aliphatic ring containing 
35 one or more heteroatoms selected from S and O. 

24. A compound according to Claim 23, wherein both. R 1 form a C 5 . 10 cycloalkyl or C 4 . 10 cycloalkyl containing oxygen. 

25. A compound according to any one of the preceding claims, wherein R 2 is C 1 . 12 alkyl, C 6 . 10 aryl or alkyl-substituted 
<o aryl, C^ 2 alkoxy, C 10 2 alkoxycarbonyl, C 6 . 10 aryloxycarbonyl or alkyl-substituted aryloxycarbonyl, C n _ 12 alkylcar- 

bonyloxy, C 6 . 10 arylcarbonyloxy or alkyl-substituted arylcarbonyloxy, C 6 . 10 aryloxy or alkyl-substituted aryloxy, cy- 
ano, thiocyano, C 6 _i 2 thioaryl, C^. 20 alkylthio, or hydroxy. 

26. A substituted fluorene compound according to Claim 25, wherein R 2 is C 1-4 alkoxy, phenoxy, C^ alkyl, phenyl or 
45 cyano. 

27. A compound according to any one of Claims 1 to 1 3, 1 5, 1 8, 25, and 26, wherein R 3 is a hydrocarbyl selected from 
C-,.20 straight- or branched-chain aliphatics, C 3 . 20 straight- or branched-chain aliphatics containing one or more 
cycloaliphatic rings, C 6 . 20 aryls, and C 7 . 20 alkyl-substituted aryls wherein the hydrocarbyl optionally is substituted 

50 with or more substituents selected from 6\(0^. 2 o alkyl)amino, C^o hydrocarbyloxy, C U20 hydrocarbyl and tr^C^o 

alkyl)siloxy. 

28. A compound according to Claim 27, wherein R 3 is a C v20 straight- or branched-chain aliphatic, a C 3 . 20 straight- 
or branched-chain aliphatic containing one or more cycloaliphatic rings or a phenyl moiety and such moiety may 

55 optionally be substituted with a di(C 1 . 20 alkyl) amino, C v2 o hydrocarbyl, tri (C^q alkyl) siloxy or C^q hydrocarb- 

yloxy moiety. 

29. A compound according to Claim 28, wherein R 3 is a C 3 _ 10 aliphatic, a C 3 . 10 aliphatic containing one or more cy- 
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cloaliphatic moieties, pheny. or pheny. substituted with Cg-JJ C -° « **- 

substituted aryloxy, C v10 alkyl or C w0 aryl or alkyl-substrtuted aryl or tn (C^ alkyl)s,loxy. 

30. A compound according to Cairn 29, wherein R* is pheny. or pheny. substituted with di(C^ a.ky.)amino, Cl . 10 
alkoxy or alkyl. 

31 . A compound according to any one o, Cairns 18, 19 and 20 to 26. wherein * is 

C 6 . no aryloxy or alky.-substituted aryloxy, tri(C^ alkyl)s.loxy, C v10 alkyl, or C 6 . 10 aryl or amy. suo 

32. A compound according to Cairn 31 , wherein R< is di(C^ a.kyl)amino, Cl , 0 alkoxy or Cl . 10 alkyl. 

33. A compound according to Claim 31, wherein * is C v10 alkyl. C 6 . 10 aryl or C 7 . 10 alkyl aryl. 

34. A compound according to any one of Claims 19 to 26. and 31 to 33, wherein b is 1 . 

35. A compound according to any one of Cairns 1 to 14 and 17 to 34 which has a weight average mo.ecu.ar weights 
of 10,000 or greater and polydispersities of 3.0 or less. 

36. A substituted fluorene compound according to any one of Claims 1 to 35, wherein a is 0. 

37. A polymer based on a compound as defined in any one of Claims 1 to 34. 

38. A P o,ymer accord^ 

an aqueous base at 70°C or higher for 10 to 100 hours in an inert solvent, 
coupling of aryl halides. 

2,7-<lihalo-9.sut>SI«uled fluorenes »nd optionally one or ™ e ™"™ ™ Z»der a trihydrocartylphosphine 

sufficient to form the corresponding 9-substituted fluorene ol.gomer or polymer. 
41. A process according to Claim 39 or Claim 40, wherein the 2,7-diha.o-9-substituted fluorene corresponds to the 
following formula, 



(R 2 )a 




CHR 3 



wherein: 



R 1 , R 2 , R 3 , a, m, and n are as defined in Claim 1; and 
X is a halogen moiety. 

: 42. A process according to Cairn 40. wherein the 2 ,7-diha.o-9-substituted fluorene is as defined in any one of Claims 
12 to 14, 19 to 32 and 34. 
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43. A process of any one of Claims 39 to 42, wherein the haloaromatic compound is of the Formula X-Ar wherein X 
is halogen and Ar independently in each occurrence an aryl or aryl substituted with a moiety capable of cross- 
linking or chain extension or a trialkylsiioxy moiety. 

44. A process of Claim 43, wherein Ar is aryl or aryl substituted with a hydroxy, a glycidyl ether, acrylate ester, meth- 
acrylate ester, ethenyl, ethynyl, maleimide, nadimide or trifluorovinyl ether moiety or a benzocyclobutene. 

45. A process of Claim 44, wherein Ar is an aryl group substituted with an acrylate or methacrylate ester corresponding 
to the formula 



O 
1 

-OCC(R 5 )~CHR 6 



or an ethenyl moiety corresponding to the formula 

-C(R 7 )= C(R 7 )H 

wherein: 

R 5 is independently in each occurrence hydrogen or C^ alkyl; 

R 6 is independently in each occurrence hydrogen, C-,.20 hydrocarbyl or C^_ 20 hydrocarbyloxy; 
R 7 is independently in each occurrence hydrogen, C 1 . 2 o hydrocarbyl or C^_ 20 hydrocarbyloxy. 

46. A process of Claim 45, wherein Ar is an aryl group substituted by a benzocyclobutene corresponding to the formula, 




wherein 

R 8 is independently in each occurrence C^. 20 alkyl, C-,. 2 o alkoxy, C^o alkylthio, C 6 _ 20 aryl, C 6-20 aryloxy, C 6 _ 20 
arylthio, C 7 . 20 aralkoxy, C 7 . 20 alkaryloxy, C 7 _ 20 alkarylthio, C 7 . 20 aralkyl, C 7 . 20 aralkylthio, cyano, carboxylate, 
C1-20 hydrocarbylcarbonyloxy, C^. 20 hydrocarbylsulfonyl, hydrocarbylsulfinyl, amino or C,_ 2 o dialkylamino; 
R 9 is independently in each occurrence cyano, carboxylate, C^q hydrocarbylcarbonyloxy, nitro, halo, C v20 
hydrocarbylsulfonyl, C^o hydrocarbylsulfinyl, C^. 20 alkyl, amido or C,_ 20 hydrocarbyloxy; 
b is independently in each occurrence 0 or an integer of 1 to 3; 
c is independently in each occurrence 0 or an integer of 1 to 3; and 
e is independently in each occurrence 0 or 1 . 

47. A process of any one of Claims 39 to 46, wherein the mole ratio of 2,7-dihalo-9-substituted fluorene to haloaromatic 
compound is from 0.5:1 to 50:1. 

48. A process of Claim 47, wherein the process is conducted in the presence of a divalent nickel salt present in an 
amount of from 0.01 to 20 mole percent based on the amount of haloaromatic compound and 2,7-dihalofluorene, 
zinc powder present in an amount of 1 00 mole percent to 300 mole percent based on the haloaromatic compound 
and 2,7-dihalofluorene, triarylphosphine present in an amount of from 10 to 50 mole percent based on the haloar- 
omatic compound and 2,7-dihalofluorene and a compound capable of accelerating the reaction present in an 
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amount from 100 to 150 mole percent based on the divalent salt. 

49. A 9-substituted fluorene polymer obtainable by a process as defined in Claim 39. 

50. A film of an oligomer or polymer as defined in any one of Cairns 4 to 1 3. 17 to 38 and 49 

51. A coating of an o.igomer or polymer as defined in any one of Cairns 4 to 13, 17 to 38 and 49 

52. A pofymeric light-emitting diode comprising a film or coating as defined in Cairn 50 or Claim 51 . 

Patentanspruche 

1. Verbindung der Formel: 



35 



40 








/ (R : 






H 

m 





CHR 3 



worin: 



loxyeinheit ist, ■ uivdrocarbvl oder d P0 -Hydrocarbyl mit einem oder 

Ri unabhangig voneinander be. >?* m J^ oder (C 9 , 6 -Aryl) 

mehreren Heteroatomen, ausgewahlt aus S, N, O P uno » W_i6 > ' X Ringstruktur oder eine C 4 . 20 - 

kylthio oder Hydroxy ist, Hvdrocarbvl oder d 20 -Hydrocarbyl, substituiert m\X 

wobei die Polymere eine Polydispersitat von wen.ger a.s 5 aufwe,sen. 
45 2. Verbindung nach Anspruch 1 , worin m gleich 1 und n gleich 0 ist. 

3. Verbindung nach Anspruch 1 , worin m gleich 0 und n gleich 1 ist. 
so 4. Verbindung nach Anspruch 1 , worin die Summe von n und m gr63er als 1 ist. 

5 Verbindung nach Anspruch 4, worin die Summe von n und m mindestens 10 ist. 

55 7 . VerbindungnacheinemderAnspr0che3bis6.worinmeineZah.von1 bis 1 00 ist und n gleich 0 oder eine Zah, 



von 1 bis 100 ist. 
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8. Verbindung nach einem der Anspruche 1 bis 7, worin E unabhangig voheinander bei jedem Auftreten ein Aryl, eln 
Aryl, das mit einer Hydroxy-, einer Glycidylether-, Acrylatester-, Methacrylatester-, Ethenyl-, Ethinyl-, Maleimid-, 
Nadimid-, Trialkylsiloxy-, Trifluorvinylethereinheit substituiert ist, Oder ein Benzocyclobuten ist. 

9. Verbindung nach Anspruch 8, worin E Halogen, Cyanato, Aryl oder Aryl, das mit einer reaktiven Gruppe, die fahig 
ist, Kettenverlangerung oder Vernetzung zu durchlaufen, substituiert ist, Oder eine Trialkylsiloxyeinheit ist. 

10. Verbindung nach Anspruch 9, worin E Aryl oder Aryl, das mit einer reaktiven Gruppe, die fahig ist, Kettenverlan- 
gerung oder Vernetzung zu durchlaufen, substituiert ist, oder eine Trialkylsiloxyeinheit ist. 

11 . Verbindung nach Anspruch 1 0, worin E eine Phenyleinheit, eine cyanatosubstituierte Phenyleinheit Oder eine Ben- 
zocyclobuteneinheit ist. 

12. Verbindung nach Anspruch 10, worin E eine Aryleinheit mit einer reaktiven Acrylat- oder Methacrylatestergruppe 
entsprechend der Formel 

O 

II 

-OCC(R 5 )=CHR 6 

oder eine Ethenyleinheit entsprechend der Formel 

- C(R 7 )= C(R 7 )H 

ist, worin: 

R 5 unabhangig voneinander bei jedem Auftreten Wasserstoff oder C^-Alkyl ist, 

R 6 unabhangig voneinander bei jedem Auftreten Wasserstoff, C^Q-Hydrocarbyl oder C 1 . 20 -Hydrocarbyloxy 
ist und 

R 7 unabhangig voneinander bei jedem Auftreten Wasserstoff, C^Q-Hydrocarbyl oder C^Q-Hydrocarbyloxy 
ist. 

13. Verbindung nach Anspruch 11, worin E eine Benzocyclobuteneinheit entsprechend der Formel 




ist, worin 

R 8 unabhangig voneinander bei jedem Auftreten G^-Alkyl, C^Q-Alkoxy, C 1 . 2 o-Alkylthio l C 6 _ 20 -Aryl, C 6 . 20 - 
Aryloxy, C 6 . 20 -Arylthio, C 7 . 20 -Aralkoxy, C 7 . 20 -Alkaryloxy, C 7 . 20 -Alkarylthio, C 7 . 20 -Aralkyl, C 7 . 20 -Aralkylthio, Cy- 
ano, Carboxylat, C^Q-Hydrocarbylcarbonyloxy, C^Q-Hydrocarbylsulfinyl, C^Q-Hydrocarbylsulfonyl, Amino 
oder C^Q-Dialkylamino ist, 

R 9 unabhangig voneinander bei jedem Auftreten Cyano, Carboxylat, C^Q-Hydrocarbylcarbonyloxy, Nitro, Ha- 
logen, C 1 . 20 -Hydrocarbylsulfonyl, C^Q-Hydrocarbylsulfinyl, C^o-A'ty'. Amidooder C^^-Hydrocarbyloxy ist, 
c unabhangig voneinander bei jedem Auftreten 0 oder eine ganze Zahl von 1 bis 3 ist und 
e unabhangig voneinander bei jedem Auftreten 0 oder 1 ist. 

14. Verbindung nach Anspruch 1 , die ein substituiertes Fluren gemaB der Formel I: 
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R 1 R 1 



(I) 



10 



ist, worin: 



R1, R2, U nd wie in Anspruch 1 definiert sind und 
X eine Halogengruppe ist. 

, 5 15. Verbindung nach Anspruch 3. die ein substituiertes Fluren gemaB der Formel II: 

(P 2 ) a ( R2 )a 



20 



25 



30 




(ID 



CHR 3 



ist, worin: 

R2 R3 und a wie in Anspruch 1 definiert sind und 

X unabhang*g voneinander bei jedem Auftreten eine Ha.ogengruppe .st. 

16. Verbindung nach Anspruch 15, die ein substituiertes Fluren gemaB der Formel ill. 



35 



40 



45 




(R 4 V 



50 



ist, worin: 

R 2 und a wie in Anspruch 1 definiert sind, . a ikvl)amino, C, 20 -Hydrocarbyloxy, Tri(C, 

R4 unabhangig voneinander bei jedem Auftreten D.(C v2 o aiKyi)am.no, n . 20 y 
siloxy Oder C^-Hydrocarbyl ist und 
b gleich 0 Oder eine ganze Zahl von 1 bis 3 ist. 

55 1 7 . Verbindung nach einem der Anspruche 4 to 13, die ein Oligomer Oder Polymer gemaB der Forme. IX, 



36 



EP 0 842 208 B1 




(IX) 



10 



ist, worin: 



15 



R 1 , R 2 , und a wie in Anspruch 1 definiert sind, 

E wie in einem der Anspruche 6 bis 11 definiert ist und 

m groBer als 1 ist. 

18. Verbindung nach einem der Anspruche 4 bis 1 3, die ein Oligomer Oder Polymer gemaG der Formel X, 



20 



25 




30 



ist, worin: 



35 



R 2 , R 3 , und a wie in Anspruch 1 definiert sind, 

E wie in einem der Anspruche 8 bis 13 definiert ist und 

n groBer als 1 ist. 



19. Verbindung nach Anspruch 18, die ein Oligomer Oder Polymer gemaG der Formel XI, 



40 



45 




50 



ist, worin: 



R 2 und a wie in Anspruch 1 definiert sind 
R 4 wie in Anspruch 16 definiert ist, 
E wie in einem der Anspruche 8 bis 13 definiert ist, 
55 b unabhangig voneinander 0 Oder eine ganze Zahl von 1 bis 3 ist und 

n groBer als 1 ist. 

20. Verbindung nach einem der Anspruche 4 bis 13, die ein Oligomer oder Polymer gemaB der Formel V, 
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ist, worin: 



Ri R2 und a wie in Anspruch 1 definiert sind, 

E wie in einem der Anspruche 8 bis 13 definiert ist, 

R4 wie in Anspruch 1 6 definiert ist, 

ausgewahlt aus S, N und 0 bilden. 

2,VerbindungnachAnspruch^^ 

mit einem Oder mehreren Heteroatomen ausgewahlt aus S und 0 b.lden 

• k h« qi oin r -Cvcloalkvl oder sauerstoffhaltiges C 4 . n0 -Cycloalkyl bilden. 

24. Verbindung nach Anspruch 23, worm be.de Ri e.n C 5 . 10 -CycloaiKyi ooer 

25. Verbindungnach einem dervo.tehendenAn^^ 

2,Substituie rt eF,uren V e~ 
ist. 

■• 1 hie m 15 18 25 und 26, worin R3 ein Kohlenwasserstolfrest ist, aus- 
27. Verbindung nach einem der Anspruche 1 bis 13, 15, b,^ '» ' c ger adkettigen oder verzweigten 
gewahlt aus Cl . 20 -geradkettigen oder ^"^^JSSZ R^en C^-Arylgruppen und C 7 . 20 -a.kyl-sub- 
9 a,ipbatischen Resten mit f-™^^ oder^ehreren Substituenten ausgewahlt 

2S. Verbindung nach Anspruch f , wor,^ 

geradkettiger oder "JSSSS SES^ISir Di(C 1 . 20 -a.ky.)amino-, C^-HydrocarbyK C, 20 - 

2 , Verbindung nach Ans^^ 

C -- Aryt " hr alky — em Aryl oder Tr,(C ~" 

alkyl)siloxy substituiert ist. 
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30. Verbindung nach Anspruch 29, worin R 3 Phenyl oder Phenyl ist, das mlt DKC^-alkylJamino, C^Q-Alkoxy Oder 
C vl0 -Alkyl substituiert ist. 

31. Verbindung nach einem der Anspruche 18, 19, und 20 bis 26, worin R 4 DKC^^-alkylJamino, C^^-AIkoxy, C 6 _ 10 - 
5 Aryloxy oder alkylsubstituiertes Aryloxy, TrKC^-alkyOsiloxy, C^o-Alkyl, oder C 6 . 10 -Aryl oder alkylsubstituiertes 

Aryl ist. 

32. Verbindung nach Anspruch 31 , worin R 4 DKC^-alkyOamino, C^^-Alkoxy oder C^^-Alkyl ist. 
10 33. Verbindung nach Anspruch 31 , worin R 4 C^Q-Alkyl, C 6 . 10 -Aryl oder C 7 _ 10 -Alkylaryl ist. 

34. Verbindung nach einem der Anspruche 19 bis 26 und 31 bis 33, worin b gleich 1 ist. 

35. Verbindung nach einem der Anspruche 1 bis 14 und 17 bis 34, die ein gewichtsmittleres Molekulargewicht von 
15 1 0.000 oder groBer und Polydispersitaten von 3,0 Oder weniger aufweist. 

36. Substituierte Flurenverbindung nach einem der Anspruche 1 bis 35, worin a gleich 0 ist. 

37. Polymer, das auf einer Verbindung wie in einem der Anspruche 1 bis 34 definiert basiert. 

20 

38. Polymer nach Anspruch 37, erhaltlich durch Umwandlung dieser Verbindung zu dem entsprechenden Dihydro- 
xyorganylboran durch Umsetzen eines 2,7-Dilithium- oder 2,7-Di-Grignard-Derivats davon mit einem Trialkylborat 
und Umsetzen des resultierenden Dihydroxyorganylborans mit einem 2,7-Dihalogenfluren in Gegenwart einer ka- 
talytischen Menge von Tetrakistriphenylphosphinpalladium und einer waGrigen Base bei 70°C oder mehr fur 10 

25 bis 100 Stunden in einem inerten Losungsmittel. 

39. Verfahren zur Herstellung eines 9-substituierten Flurenoligomers Oder -polymers, umfassend Inberuhrungbringen 
eines oder mehrerer 2,7-Dihalogen-9-substituierter Flurene mit einer halogenaromatischen Verbindung in Gegen- 
wart eines Katalysators zur dehalogenierenden Kupplung von Arylhalogeniden. 

30 

40. Verfahren zur Herstellung eines 9-substituierten Flurenoligomers oder -polymers, umfassend Inberuhrungbringen 
eines oder mehrerer 2,7-Dihalogen-9-substituierter Flurene und fakultativ einer oder mehrerer halogenaromati- 
scher Verbindungen in Gegenwart einer katalytischen Menge eines divalenten Nickelsalzes, einer mindestens 
stochiometrischen Menge von Zinkpulver, eines Trihydrocarbylphosphins in einem polaren Losungsmittel und fa- 

35 kultativ einem Colosungsmittel, das einen aromatischen Kohlenwasserstoff Oder Ether enthalt, unter Reaktions- 

bedingungen, die ausreichen, urn das entsprechende 9-substituierte Flurenoligomer oder -polymer auszubilden. 

41. Verfahren nach Anspruch 39 oder 40, worin das 2,7-Dihalogen-9-substituierte Fluren der folgenden Formel ent- 
spricht, 

40 



45 



SO 



55 




worm: 

R 1 , R 2 , R 3 , a, m und n wie in Anspruch 1 definiert sind und 
X eine Halogengruppe ist. 

42. Verfahren nach Anspruch 40, worin das 2,7-Dihalogen-9-substituierte Fluren wie in einem der Anspruche 12 bis 
14, 19 bis 32 und 34 definiert ist. 



39 



10 



15 



20 
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ist. 

thereinheit oder einer Benzocyclobutengruppe substitu.ert .St. 

. . ^ worin Ar eine Arylgruppe ist, die mit einem Acrylat- oder Methacrylatester entspre- 
45. Verfahren nach Anspruch 44, worm Ar eine Mry.yiiw 
chend der Formel 

O 

II 

-OCC(R 5 )=CHR 6 

Oder einer Ethenylgruppe entsprechend der Formel 

- C(R 7 )= C(R 7 )H 



25 substituiert ist, 

worin: 



30 



, „„,,„ A, .ine Arylgfuppe ist, dis ™t sinen, Benz^loMen sntspreshettd *» ** 



ist, 

46. Verfahren nach Anspruch 45 
35 mel, 



40 



45 



50 




substituiert ist, 
worin 



55 



ii 

». ***** «—* M ^ ~ w«» 1 a^iCSwSS^ 

ugen. C,.arHyd™^«^WJ^^7^ £° ze zi, «», o Us 3 ist, 

:«:==£Sff2i= si*!—"-"-"— 

e unabhangig voneinander bei jedem Auftreten 0 oder 1 .st. 
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47. Verfahren nach einem der Anspruche 39 bis 46, worin das Molverhaltnis von 2,7-Dihalogen-9-substituiertem Fluren 
zu halogenaromatischer Verbindung von 0,5:1 bis 50:1 reicht. 

48. Verfahren nach Anspruch 47, worin das Verfahren in Gegenwart eines divalenten Nickelsalzes, das in einer Menge 
von 0,01 to 20 Mol-%, bezogen auf die Menge von halogeharomatische Verbindung und 2,7-Dihalogenfluren vor- 
liegt, Zinkpuiver, das in einer Menge von 100 Mol-% bis 300 Mol-%, bezogen auf halogenaromatische Verbindung 
und 2,7- Dihalogenfluren vorliegt, Triarylphosphin, das in einer Menge von 10 bis 50 Mol-%, bezogen auf halo- 
genaromatische Verbindung und 2,7- Dihalogenfluren, und einer Verbindung, die fahig ist, die Reaktion zu be- 
schleunigen und in einer Menge von 100 bis 150 Mol-%, bezogen auf das divalente Salz, durchgefuhrt wird. 

49. Ein 9-substituiertes Flurenpolymer, erhaltlich durch einen Prozess wie in Anspruch 39 definiert. 

50. Eine Folie aus einem Oligomer oder Polymer wie in einem der Anspruche 4 bis 13, 17 bis 38 und 49 definiert. 

51 . Beschichtung aus einem Oligomer Oder Polymer wie in einem der Anspruche 4 bis 1 3, 1 7 bis 38 und 49 definiert. 

52. Polymere lichtaussendende Diode, die eine Folie oder eine Beschichtung aufweist, wie in Anspruch 50 oder 51 
definiert. 



Revendications 

1 . Compost de f ormule : 




(IV) 



dans laquelle : 

chaque E est independamment un halogene, I'hydrogene ou un radical aryle ou aryle substitue par un groupe 
reactif pouvant subir une extension de chatne ou une reticulation ou un groupe trialkylsiloxy ; 
chaque R 1 est independamment un radical hydrocarbyle en a C 20 ou hydrocarbyle en C 1 a C 20 contenant 
un ou plusieurs heteroatomes choisis parmi S, N, O, P et Si ; hydrocarbylcarbonyloxy en C 4 a C 16 , ou (aryl 
en C 9 a C 16 )trialkylsiloxy, ou bien deux R 1 , ensemble avec I'atome de carbone 9 du cycle fluorene, peuvent 
former une structure cyclique en C 5 a C 20 ou une structure cyclique en C 4 a C 20 contenant un ou plusieurs 
heteroatomes choisis parmi S, N et O ; 

chaque R 2 est independamment un radical hydrocarbyle en C A a C 20 , hydrocarbyloxy en a C 20 , thioether 
en C t a C 20 , hydrocarbyloxycarbonyle en C 1 a C 20 , hydrocarbylcarbonyloxy en C 1 a C 20 , cyano, thiocyano, 
thioaryle en C 6 a C 12 , alkylthio en C 1 a C 20 ou hydroxy ; 

chaque R 3 est independamment un radical hydrocarbyle en a C 20 ou hydrocarbyle en a C 20 substitue 
par un radical di(alkyl en C 1 a C 20 )amino, hydrocarbyloxy en a C 20 , tri(alkyl en a C 10 )siloxy ou hydro- 
carbyle en C 1 a C 20 ; 

chaque a vaut independamment 0 ou 1 ; et 

m et n valent 0 ou sont des entiers non negatifs, et la somme de n et m est au moins egale a 1 , 
dans lequel les polymeres ont une polydispersit6 inferieure a 5. 

2. Compose seton la revendication 1 , dans lequel m vaut 1 et n vaut 0. 

3. Compose selon la revendication 1 , dans lequel m vaut 0 et n vaut 1 . 

4. Compose selon la revendication 1 , dans lequel la somme de n et m est superieure a 1 . 
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5 Compos* selon la revendication 4. dans leque. la somme de n et m vaut au moins 10. 

6. Compose selon ,a revendication 5, dans .eo,e. m est un nomPre ega. a 1 ou p.us et n vaut 0 ou est un nombre 
egal a 1 ou plus. 

,. se.on «. - — 3 6 * «"* ~" Sa " * ' 4 ,M a " ° 

ou est un nombre de 1 a 100. 

ethynyle Slide, nadimide, tria.kylsiloxy, trif.uoroviny.ether ; ou benzocyc.obutene. 

„ . Co^oaa sa.oo ,a —ioo .0, — Eest un 3 ™pe,aan, P*.ny,a a S oPst«on oy.nau, 

20 ou benzocyclobutene. 

, 2 ccpoaa se,on -0, Pans , W „ E as, on oroopan™, a* *»=« - — — « 

methacrylate (ester) correspondant a la formule : ^ 

25 O 

— occcrVchr* 



10 



15 



30 



ou un groupement ethenyle correspondant * la formule : 

-C(R 7 )=C(R 7 )H 



35 dans lesquelles : 



SiSfe - rpyd-os.no ou on radKal « C, » C. » hydrocartjytoxy - 

C-| a C2o- 

,3. coatfos. * — «, «. <» »»,a, E OS, on groope.en, oon.ocyo.ooo.ono ocaapcdan, . .a 



formule : 



45 



50 



55 




dans laquelle : 

rn C o;fo:,aSe^;S^ 
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k C 20 , hydrocarbylsulfinyle en k C 20 , hydrocarbylsulfonyle en k C 20 , amino ou dialkylamino en C 1 k C 2 o ; 
chaque R 9 est independamment un radical cyano, carboxylate, hydrocarbylcarbonyloxy en k C 2 o. nitro, 
halog6no, hydrocarbylsulfonyle en C 1 k C 20 hydrocarbylsulfinyle en C 1 k C 20 , alkyle en Cj k C 2 g, amido ou 
hydrocarbyloxy en k C 20 ; 
5 chaque c est independamment 0 ou un entier de 1 a 3 ; et 

chaque e est independamment 0 ou 1, 

14. Compose selon la revendication 1 , qui est un fluorene substitue conforme k la formule I : 

10 



15 




dans laquelle : 

20 

R 1 , R 2 sont tels que definis dans la revendication 1 et 
X est un groupement halogene. 

15. Compose selon la revendication 3, qui est un fluorene substitue conforme a la formule II : 

25 




(ID 



35 dans laquelle : 

R 2 , R 3 et a sont tels que definis dans la revendication 1 ; et, 
chaque X est independamment un groupement halogene. 

40 16. Compose selon la revendication 15, qui est un fluorene substitue conforme a la formule III : 



45 



50 




(III) 



55 dans laquelle : 

R 2 et a sont tels que definis dans la revendication 1 ; 

chaque R 4 est independamment un radical di(alkyl en C 1 a C 20 )amino, hydrocarbyloxy en C n &C 20 , tri<alkyl 
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en C! a C 10 )siloxy ou hydrocarbyle en C n a C 20 1 et 
b est 0 ou un nombre de 1 a 3. 

17. Compose selon Tune quelconque des revendications 4 a 
formule IX : 



13, qui est un oligomere ou polymere conforme a la 



10 



15 



20 



25 




(IX) 



dans iaquelle : 

ri R 2 et a sont tels que delinis dans la revendication 1 ; 

E est tel que defini dans I'une quelconque des revend.cat.ons 6 a 11 , et 

m est superieur a 1 . 

„. co^ ,~ - — — " » " - - °" ^ 4 

formule X : 



(X) 



30 




35 



40 



45 



50 



dans Iaquelle : 

R2 R3 et a sont tels que def inis dans la revendication 1 ; _ » 

E eSteTqued6f!ni dans Tune quelconque des revendicat.ons 8 a 13 . et 
n est superieur a 1 . 



(XI) 




55 



dans Iaquelle : 

R2 et a sont tels que definis dans la revendication 1 ; 

R4 est tel que defini dans la revendication 16 ; 

E est tel que defini dans I'une quelconque des revend.cat,ons 8 a 13 , 
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b est inctependamment 0 ou un nombre de 1 k 3 ; et 
n est sup6rieur k 1. 

20. Compost selon Tune quelconque des revendications 4 & 13, qui est un oligom&re ou polym&re conforme k la 
5 formule V : 



10 



15 




20 dans laquelle : 

R 1 , R 2 et a sont tels que definis dans la revendication 1 ; 
E est tel que defini dans Tune quelconque des revendications 8a 13; 
R 4 est tel que defini dans la revendication 16 ; 
25 m et n valent chacun au moins 1 ; et 

chaque b est independamment 0 ou un nombre de 1 a 3. 

21. Compose selon Tune quelconque des revendications 1 a 14, 17 et 20, dans lequel R 1 est un radical alkyle en 

a C 12 , aryle ou aryle a substitution alkyle en C 6 a C 10 , hydrocarbyle en C 4 a C 16 , carboxylate ou (aryl en C 9 k C 16 ) 
30 trialkylsiloxy. 

22. Compose selon Tune quelconque des revendications 1 a 1 4, 1 7 et 20, dans lequel les deux R 1 torment une structure 
cyclique a chaine droite ou ramifiee en C 5 a C 20 ou une structure cyclique a chaine droite ou ramifiee en C 4 k C 2 o 
contenant un ou plusieurs heteroatomes choisis parmi S, N et O. 

35 

23. Compose selon la revendication 22, dans lequel les deux R 1 torment un cycle aliphatique en C 5 k C 10 ou un cycle 
aliphatique en C 4 a C 10 contenant un ou plusieurs heteroatomes choisis parmi S et O. 

24. Compose selon la revendication 23, dans lequel les deux R 1 torment un radical cycloalkyle en C 5 k C 10 ou cy- 
40 cloalkyle en C 4 a C 10 contenant de I'oxygene. 

25. Compose selon Tune quelconque des revendications precedentes, dans lequel R 2 est un radical alkyle en C A a 
C 12 , aryle ou aryle a substitution alkyle en C 6 a C 10 , alcoxy en a C 12 , alcoxycarbonyle en k C 12 , aryloxy- 
carbonyle ou aryloxycarbonyle a substitution alkyle en C 6 a C 10 , alky lea rbonyloxy en k C 12 , arylcarbonyloxy 

45 ou arylcarbonyloxy a substitution alkyle en C 6 a C 10 , aryloxy ou aryloxy a substitution alkyle en C 6 a C 10 , cyano, 

thiocyano, thioaryle en C 6 a C 12 , alkylthio en C 1 a C 20 , ou hydroxy. 

26. Compose de fluorene substitue selon la revendication 25, dans lequel R 2 est un radical alcoxy en kC 4 , phenoxy, 
alkyle en a C 4 , phenyle ou cyano. 

50 

27. Compose selon Tune quelconque des revendications 1 a 13, 15, 18, 25 et 26, dans lequel R 3 est un radical hy- 
drocarbyle choisi parmi les radicaux aliphatiques a chaine droite ou ramifiee en a C 20 , les radicaux aliphatiques 
a chaine droite ou ramifiee en C 3 a C 20 contenant un ou plusieurs cycles cycloaliphatiques, les radicaux aryle en 
C 6 a C 20 , et les radicaux aryle en C 7 a C 20 a substitution alkyle dans lesquels le groupement hydrocarbyle est 

55 6ventuellement substitue par un ou plusieurs substituants choisis parmi les radicaux di(alkyl en C 1 k C 20 )amino, 

hydrocarbyloxy en C-, a C 20 , hydrocarbyle enC! a C 20 et tri(alkyl en a C 10 )siloxy. 

28. Compose seion la revendication 27, dans lequel R 3 est un radical aliphatique a chaine droite ou ramifiee en a 
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c un radical aliphatique a chaine droite ou ramifiee en C 3 a C 20 contenant un ou plusieurs ^'^^dllE 
Sues o Z phenyle et ce gr oupement peut eventuellement etre subst.tue par un Qroupement d<a.ky. 
en C* a C 20 *mino, hydrocarbyle en C, a C 20 , tri(alkyl en C, a C 10 )si.oxy ou hydrocarbyloxy en C, a C 20 . 

29 . Compose se.on .a revendication 28, dans leque. * ~ l 

en C 3 a C 10 contenant un ou plusieurs groupements cyc.oa^hat.ques, u "^dKal phenyl 0 s P ubst f tu tion alkyle 

30 Compose aolon la „ven d ica.ioa 29, d.no ,eou., R» es, un phooylo ou pl*.y,o substiM par un ,.Pic, 0 
(alkyl en C n a C 6 )amino, alcoxy en C, a C 10 ou alkyle en C, a C 10 . 

alkyle en C, a C 10 , ou aryle ou aryle a substitution alkyle en C 6 a C 10 . 

32. Compose selon la revendication 31, dans leque. * est un radical di(a.ky. en C, a C 6 )amino, alcoxy en C, a C 10 
ou alkyle en C<\ a C 10 . 

33. Composeselonlarevendicat^ 
en C 7 a C 10 . 

34. Compose se.on rune que.conque des revendications 19 a 26, et 31 a 33, dans lequel b vaut 1 . 

j _»t!«„o 1 i m ot 17 & 34 oui a un poids moleculaire moyen en 
35 Compose selon Tune quelconque des revend.cat.ons 1 a 14, et 17 a 34, qui a un p 

poids de 10 000 ou plus et une polydispersite de 3,0 ou moms. 

36. Compose de fluorene substitue se.on ,'une que.conque des revendications 1 a 35, dans leque. a vaut 0. 

37. Polymere a base d'un compose tel que defini dans I'une quelconque des revendications 1 a 34. 

38. Polymere se.on ,a revendication 37, ^^^^^ ^Z^S^X 
correspondant par reaction d'un denve 2,7-d.lith.o ^^^SZt^en presence d , une tit6 cata |ytique 
reaction de Tacide diboronique resultant avec un 2,7-d.halogenof. Z uTwndant 10 a 100 heures dans 
de tetrakis-triphenylphosphine-palladium et d'une base aqueuse a 70 C ou plus pendant 

un solvant inerte. 

-^^^^ 

talyseur pour le couplage par deshalogenation d'halogenures d aryle. 

I'oligomere ou polymere de fluorene 9-substitue correspondant. 
41. Precede se.on ,a revendication 39 ou la revendication 40, dans leque, le 2,7-dihalogenof.uorene 9-substitue cor- 
respond a la formule suivante : 
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dans laquelle : 

R 1 , R 2 , R 3 , a, metn sont tels que definis dans la revendication 1 ; et 
X est un groupement halogene. 

42. Precede selon la revendication 40, dans lequel le 2,7-dihalogenof luorene 9-substitue est tel que defini dans Tune 
quelconque des revendications 12 a 14, 19 a 32 et 34. 

43. Procede selon Tune quelconque des revendications 39 a 42, dans lequel le compose halogenoaromatique est de 
formule X-Ar oCi X est un halogene et chaque Ar est independamment un groupement aryle ou aryle substitue par 
un groupement pouvant subir une reticulation ou une extension de chaine ou un groupement trialkylsiloxy. 

44. Procede selon la revendication 43, dans lequel Ar est un radical aryle ou aryle substitue par un groupement hydroxy, 
glycidylether, ester acrylate, ester methacrylate, ethenyle, ethynyle, maleimide, nadimide ou trifluorovinylether ou 
un radical benzocyclobutene. 

45. Procede selon la revendication 44, dans lequel Ar est un groupe aryle substitue par un acrylate ou methacrylate 
. (ester) correspondant a la formule : 

O 

— occcrVchr 6 

ou un groupement ethenyle correspondant a la formule : 

-C(R 7 )=C(R 7 )H 

dans lesquelles : 

chaque R 5 est independamment I'hydrogene ou un radical alkyle en C t a C 4 ; 

chaque R 6 est independamment I'hydrogene ou un radical hydrocarbyle en a C 20 ou hydrocarbyloxy en 
C-j a C20 J 

chaque R 7 est independamment I'hydrogene ou un radical hydrocarbyle en G, a C 20 ou hydrocarbyloxy en 
C 1 a C2o- 

46. Procede selon la revendication 45, dans lequel Ar est un groupe aryle substitue par un benzocyclobutene corres- 
pondant a la formule : 




dans laquelle : 
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10 



20 



25 



en C 7 a C 20 , aramyie en w a^ 20 , y hvdrocaitovlsulfinyle, amino ou dialkylamino en C, a C 20 . 

a C, n , hydrocarbylsulfonyle en C, a C 20 , hydrocaroyisuronyie, « ' . onvloxv en c, a. C 20 , nitro, 

hydrocarbyloxy en C t a C 20 ; 

chaque b est independamment 0 ou un entier de 1 a 3 ; 
chaque c est independamment 0 ou un entier de 1 a 3 ; et 
chaque e est independamment 0 ou 1 . 
47 . Proc.de se,on rune que,conque des revendications 39 > 46. dans ,eque, ,e rapport mo.aire du a.^ogeno- 
fluorene 9-substitue au compose halogenoaromat.que est de 0,5/1 a 50/1 . 



15 48 



Procedese.on.arevendication 47 ,dans.e q ue..eprocedees^ 

present en une quantite de 0,01 a 20 % en ^J»"^^^,%fS^ % en moles par rapport au 
de 2,7-dihalogenofluorene, de poudre de z.nc presents en ""^f^ en une quantite de 10 

compose ha.ogenoaromatique et au et d'un compose 

49. Po.ymere de f.uorene 9-substitue pouvant etre obtenu par un precede te. que defini dans .a revendication 39. 

50. Fi.m d-un oiigomere ou po.ymere te. que defini dans run. que.conque des revendications 4 a 13, 17 a 38 et 49. 

51. Revetement d'un oiigomere ou po.ymere te. que defini dans .'une que.conque des revendications 4 a 13, 17 a 38 
et49. 

52. Diode po.ymere a iuminescence comprenant un fi.m ou revetement te. que defini dans .a revendication 50 ou ,a 
30 revendication 51 . 



35 



40 



45 



50 



55 



48 



